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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES ~BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 


T2a 


T2b 


T3 


T4 


T5 


T6 


T7 


T8 


T9 


T10 


T11 


T12 


T13 


T14 


T15 


T16 


Tubes for r.f. heating 

Transmitting tubes for communications, glass types 
Transmitting tubes for communications, ceramic types 
Klystrons 

Magnetrons for microwave heating 


Cathode-ray tubes | 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


Geiger-Miller tubes 

Gas-filled tubes (will not be reprinted) 

Picture tubes and components 

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 
Photo and electron multipliers 

Plumbicon camera tubes and accessories 

Microwave semiconductors and components 


Vidicon and Newvicon camera tubes 


Image intensifiers 


Data collations on these subjects are available now. 


Infrared detectors . 
cer ee | Data Handbooks will be published in 1985. 


Dry reed switches 


| Monochrome tubes and deflection units 


Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 


$1 


S2a 


S2b 


$3 


S4a 


S4b 


$5 


$6 


S7 


$8 


S9 


$10 


S11 


$12 


Diodes 
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W) 
voltage reference diodes, tuner diodes, rectifier diodes 


‘ 


Power diodes 

Thyristors and triacs 

Small-signal transistors 

Low-frequency power transistors and hybrid modules 
High-voltage and switching power transistors 
Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Devices for optoelectronics 

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

Power MOS transistors 


Wideband transistors and wideband hybrid IC modules 


Microwave semiconductors (to be published in this series in 1985) 
At present available in Handbook T11 


Surface acoustic wave devices 


November 1984 V 


INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 

EXISTING SERIES Superseded by: 
IC1 Bipolar ICs for radio and audio equipment 

IC2 Bipolar ICs for video equipment ICO2N 
IC3 ICs for digital systems in radio, audio and video equipment 


C4 Digital integrated circuits 
CMOS HE4000B family 


IC5 Digital integrated circuits — ECL |ICO8N 
ECL10000 (GX family), ECL100 000 (HX family), dedicated designs 


-1C6 —__— Professional analogue integrated circuits 


IC7 Signetics bipolar memories 


IC8  Signetics analogue circuits IC11N 
IC9_ ~—s- Signetics TTL logic ICOON and IC15N 
1C10 Signetics Integrated Fuse Logic (IFL) IC13N 


1C11 Microprocessors, microcomputers and peripheral circuitry 
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NEW SERIES 


ICO1N Radio, audio and associated systems 


Bipolar, MOS 

ICO2N Video and associated systems (published 1985) 
Bipolar, MOS 

ICO3N Telephony equipment 
Bipolar, MOS 

ICO4N HE4000B logic family 
CMOS 

ICO5N HE4000B logic family uncased integrated circuits (published 1984) 
CMOS 

ICO6GN High-speed CMOS; PC54/74HC/HCT/HCU (published 1985) 
Logic family 


ICO7N = PC54/74HC/HCU/HCT uncased integrated circuits 


HCMOS : 
iCO8N 10K and 100K logic family (published 1984) 
ECL 
ICOON _—_ Logic series (published 1984) 
TTL , 
IC10N = Memories 
MOS, TTL, ECL 
1C11N Linear LSI (published 1985) 
IC12N Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 
IC13N Semi-custom (published 1985) 


Integrated Fuse Logic 


IC14N Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


IC15N —_ Logic series 
FAST TTL (published 1984) 


Note 


Books available in the new series are shown with their date of publication. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 


C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 


C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 


C22 


vill 


Programmable controller modules 
PLC modules, PC20 modules 


Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 
Loudspeakers 

Ferroxcube potcores, square cores and cross cores 

Ferroxcube for power, audio/video and accelerators 

Synchronous motors and gearboxes 

Variable capacitors 

Variable mains transformers 

Piezoelectric quartz devices 

Connectors 


Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 


Potentiometers, encoders and switches 
Fixed resistors 

Electrolytic and solid capacitors 

Ceramic capacitors 

Permanent magnet materials 

Stepping motors and associated electronics 
Direct current motors 

Piezoelectric ceramics 


Wire-wound components for TVs and monitors 


Assemblies for industrial use 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 


Film capacitors 
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INTRODUCTION 


This new edition of the data handbook for video and associated systems has been expanded to include 
MOS as well as bipolar integrated circuits as the use of MOS circuits in video equipment is becoming 
more and more widespread (remote control, digital tuning, teletext, etc.). 


The expansion of data has made it necessary to produce this handbook in two volumes: |CO2Na; ICO2Nb. 
ICO2Na contains device data on types MAB8031AH to TDA1524A. 
ICO2Nb contains device data on types TDA2501 to TEA1002. 

Each volume contains an index, associated information and package outlines. 


The data handbook now includes dedicated video circuits and general purpose products (microcon- 

trollers, display circuits, etc.) that find application in video systems. Full specifications are provided 
for the dedicated circuits; in some cases the general purpose circuits have short-form specifications. 

More detailed information can be found in the relevant data sheets and handbooks. 


1?C bus compatible !Cs 


Some of the ICs in this handbook are |?C bus compatible (indicated by the logo shown below). The 
following clause applies: 


Purchase of Philips’ 17C components conveys a license under the 
Philips’ °C patent to use the components in the !*C system provided 
the system conforms to the !?C specifications defined by Philips. 
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FUNCTIONAL AND NUMERICAL INDEX 


type number 


Vision |.F. circuits 
Economical circuits 


TDA2540; 0 
TDA2541; O 
TDA2542; 0 
TDA2544; O 
TDA2548; 0 


SELECTION GUIDE BY FUNCTION 


description 


IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; PNP tuners 
IF amplifier and demodulator; for E and L standards; PNP tuners 
IF amplifier and demodulator; MOS tuners 
IF amplifier and demodulator; PNP tuners 


High-performance circuits 


TDA3540; 0 
TDA3541; OQ 


IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; PNP tuners 


Colour decoding circuits 


TBA540 
TCA640 
TCA650 
TCA660B 


TDA2506 


TDA2507 
TDA3501 
TDA3505 
TDA3510 
TDA3560 


TDA3561A 
TDA3562A 
TDA3563 
TDA3564 
TDA3565 


TDA3590 
TDA3590A 
TDA3591 
TDA3591A 
TDA4510 


TDA4555 
TDA4556 
TDA4560 
TDA8442 


reference combination 

chrominance amplifier for SECAM or PAL/SECAM decoders 
chrominance demodulator for SECAM or PAL/SECAM decoders 
contrast, saturation and brightness control circuit for colour 
difference and luminance signals 

SECAM encoder 


FM modulator controller 

video contro! combination | 

video control combination with automatic cut-off control 
PAL decoder 

PAL decoder 


PAL decoder 

PAL/NTSC decoder 

NTSC decoder 

NTSC decoder without R.G.B. inputs 
PAL decoder 


SECAM processor circuit 

SECAM processor circuit (improved TDA3590) 
SECAM processor circuit 

SECAM processor circuit 

PAL decoder 


multi-standard decoder for —(R—Y), —(B—Y) signals 
multi-standard decoder for + (R—Y), + (B—Y) signals 
colour transient improvement circuit 
17C bus interface for colour decoders 


INDEX 


page 


b-89 
b-97 
b-105 
b-119 
b-139 


b-343 
b-343 


a-549 
a-571 
a-579 


a-587 
b-69 

b-81 

b-323 
b-331 
b-339 
b-353 


b-363 
b-375 
b-391 
b-401 
b-411 


b-453 
b-467 
b-483 
b-497 
b-675 


b-681 
b-681 
b-689 
b-699 
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INDEX 


type number 


description 


Vertical deflection circuits 


TDA2653A 
TDA2654S 
TDA2655B 
TDA3650 
TDA3651 


TDA3651A; AQ 
TDA3652; O 
TDA3653; A 


vertical deflection circuit; PIL-S4; 30AX systems and monitors 


vertical deflection circuit; monochrome, 110°; tiny-vision colour, 90° 


vertical deflection circuit; colour and monochrome, 90° 
vertical deflection circuit 
vertical deflection circuit 


vertical deflection circuit 
vertical deflection circuit 
vertical deflection circuit with + 60 V and protection 


Sync processors; horizontal; vertical 


TBA920S 
TDA2577A 
TDA2578A 
TDA2593 
TDA2594 


TDA2595 
TDA3571B 
TDA3576B 
TDA3586 


Sound circuits 


TBA120U 
TBA750C; CO 
TDA1013A 
TDA1029 
TDA1512;Q 


TDA1520; OQ 
TDA1520A; AQ 
TDA1524A 
TDA2543 
TDA2545A 


TDA2546A 
TDA2555 
TDA2611A 
TDA2791 
TDA2795 


TDA3800G 
TDA3800GS 
TDA3803A 
TDA3810 
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horizontal combination 

synchronization circuit with vertical oscillator and driver stages 
synchronization circuit with vertical oscillator and driver stages 
horizontal combination 

horizontal combination with transmitter identification 


horizontal combination with transmitter identification and 
protection circuits 

sync combination with transmitter identification and vertical 
divider (625 lines) 

sync combination with transmitter identification and vertical 
divider (625 lines) | 

horizontal and vertical sync processor 


sound i.f. amplifier/demodulato 

limiter/amplifier | 

4 W audio power amplifier with d.c. volume control 
signal sources switch (4 x two channels) 


— 12 to 20 W hi-fi audio power amplifier 


20 W hi-fi audio power amplifier 

20 W hi-fi audio power amplifier 
stereo-tone/volume control circuit 

AM sound IF circuit for French standard 
quasi-split-sound circuit 


quasi-split-sound circuit; 5,5 MHz demodulation 
dual TV sound demodulator circuit 

5 W audio power amplifier 

TV sound combination; volume, treble, bass 
TV stereo/dual sound identification decoder 


stereo/dual TV sound processor (dynamic selection) 
stereo/dual TV sound processor (static selection) 
stereo/dual TV sound processor 

spatial, stereo and pseudo-stereo sound circuit 


Selection guide by function INDEX 


type number description page 


Video recorder circuits 
TDAO820T double balanced modulator/demodulator a-597 


TDA2501 PAL/NTSC encoder b-29 
TDA2502 tacho motor speed controller b-35 
TDA2503 track sensing amplifier b-45 
TDA2504P; T FM modem for 8 mm video b-51 
TDA2730 FM limiter/demodulator b-281 
TDA2740 amplifier and drop-out identification circuit b-289 
TDA3701 PAL synchronization processor for V2000 system b-545 
TDA3710 chrominance signal/mixer for V2000 system b-553 
TDA3720 SECAM chrominance signal processor for V2000 system b-561 
TDA3724 SECAM identification circuit b-567 
TDA3730 frequency demodulator and drop-out compensator b-569 
TDA3740 video processor/frequency modulator b-575 
TDA3755 PAL/NTSC synchronization processor for VHS system b-581 
TDA3760 PAL chrominance signal processor for VHS system b-591 
TDA3771 video processor b-599 
TDA3780 frequency modulator b-605 
TDA3791 band selector and window detector b-609 
Video camera circuits 
SAA1043 universal sync generator a-113 
SAA 1044 subcarrier coupling circuit a-129 
Miscellaneous 
TDA1082 east-west correction driver circuit a-619 
TDA2579 sync circuit with synchronized vertical divider system 
and output stages b-179 
TDA2581; OQ control circuit for SMPS b-195 
- TDA2582; 0 control circuit for PPS b-207 
TDA4500 small signal combination IC for monochrome TV b-635 
TDA4501 small signal combination IC for colour TV b-647 
TDA4503 small signal combination IC for B/W TV b-661 
TDA5030 mixer/oscillator for VHF tuner b-695 
TEA1002 PAL colour encoder and video summer b-717 
Remote control systems 
For general purpose applications 
SAA1082P remote transmitter a-173 
SAF 1032P receiver/decoder for infrared operation a-519 
SAF 1039P remote transmitter for infrared operation a-519 
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INDEX 


type number description . page 


Remote control systems (continued) 
For sophisticated radio and video systems 


SAA3004P; T remote control transmitter for infrared operation a-205 
SAA3006 low voltage infrared remote control transmitter (RC-5) a-215 
SAA3027 . infrared remote control transmitter (RC-5) a-229 
SAA3028 infrared remote control transcoder (RC-5); 12C bus compatible a-243 
TDA3047 infrared receiver circuit; Vg = positive b-311 
TDA3048 infrared receiver circuit; Vo = negative b-317 
TDB2033 preamplifier for infrared remote control transmission b-707 


Tuning system 


Display drivers 

PCF2100P; T LCD duplex driver; 40 segments a-43 
PCF2110P; T LCD duplex driver; 60 segments and 2 LEDs a-53 
PCF2111P; T LCD duplex driver; 64 segments a-63 
PCF2112P; T LCD driver; 32 segments a-73 
SAA1060 LED display/interface circuit a-155 
SAA1061 LED driver/output port expander a-161 
SAA1062A; AT LCD display/interface circuit a-167 


Clock timers 


PCF8573P; T clock/calendar with serial 1/0; I?C bus interface a-81 
SAF3019 clock/timer with serial [/O; microcontroller controlled a-533 


Tuning circuits 


SAA 1056P PLL frequency synthesizer a-137 
SAA1057 radio tuning PLL frequency synthesizer (SYMO II) a-145 
SAA1300 tuner switching unit a-201 
SAB1164 sensitive 1 GHz divider-by-64; Ry = 1 kQ a-437 
SAB1165 sensitive 1 GHz divider-by-64; R, = 0,5 kQ a-437 
SAB 1256 sensitive 1 GHz divider-by-256 a-443 
SAB3013 computer controlled analogue memory providing 6 analogue functions 4-449 
SAB3034 analogue and tuning circuit (A & T) a-457 
SAB3035 computer interface for tuning and control (CITAC); 8 DACs; 

I7C bus compatible . a-471 
SAB3036 computer interface for tuning and control (CITAC); without DACs; 

1?C bus compatible a-487 
SAB3037 computer interface for tuning and control (CITAC); 4 DACs; 

1?C bus compatible a-503 
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Selection guide by function 


type number 


Text decoder systems 


SAA5020 
SAA5025D 


SAA5030 
SAA5040A; B; C 
SAA5041 


SAA5042 
SAA5045 
SAA5050 
SAA505 1 
SAA5052 


SAA5053 
SAA5054 
SAA5055 
SAA5056 
SAA5057 


SAA5070 
SAA5230 
SAA5240A 


SAA5240B 
SAA5350 


Microcontrollers 


MAB8031 AHP 
MAB8031AHWP 
MAB8035HLP 
MAB8035HLWP 
MAB8035HLT 


MAB8039HLP 
MAB8039HLWP 
MAB8039HLT 
MAB8040HLP 
MAB8048HP 


MAB8048HWP 
MAB8048HT 
MAB8049HP 
MAB8049HWP 
MAB8049HT 


MAB8050HP 
MAB8051 AHP 
MAB8051AHWP 
MAB8400B 
MAB8400WP 


description 


INDEX 


teletext timing chain circuit (625 lines) 


teletext timing chain circuit for USA 525 line system (USTIC); 


40 characters per row, 24 rows (8 TV-lines per row) 
teletext video processor 

teletext acquisition and control circuit 

teletext acquisition and control circuit 


teletext acquisition and control circuit 

gearing address logic array for USA teletext (GALA) 
teletext character generator (English) 

teletext character generator (German) 

teletext character generator (Swedish) 


teletext character generator (Italian) 
teletext character generator (Belgian) 
teletext character generator (US ASCII) 
teletext character generator (Hebrew) 
teletext character generator (Cyrillic) 


peripheral IC for viewdata (LUCY); uC controlled 
teletext video processor 

computer controlled teletext circuit (CCT); 
625-line system (English, German, Swedish) 
computer controlled teletext circuit (CCT); 
625-line system (Italian, German, French) 

colour CRT controller (EUROM); CEPT standard 


single-chip 8-bit uC; ROM-less version of MAB8051AH 
single-chip 8-bit wC; ROM-less version of MAB8051AH 
single-chip 8-bit uC; ROM-less version of MAB8048H 
single-chip 8-bit uC; ROM-less version of MAB8048H 
single-chip 8-bit uC; ROM-less version of MAB8048H 


single-chip 8-bit uC; ROM-less version of MAB8049H 
single-chip 8-bit uC; ROM-less version of MAB8049H 
single-chip 8-bit wC; ROM-less version of MAB8049H 
single-chip 8-bit uC; ROM-less version of MAB8050H 
single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 


single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 
single-chip 8-bit wC; 1Kx8 ROM, 64x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 


single-chip 8-bit uC; 4Kx8 ROM, 256x8 RAM 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 128 RAM bytes 
single-chip 8-bit uC; 128 RAM bytes 
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page 


a-251 


a-261 
a-279 
a-289 
a-289 


a-289 
a-309 
a-317 
a-317 
a-317 


a-317 
a-317 
a-317 
a-317 
a-317 


a-341 
a-371 


a-383 


a-383 
a-409 


a-29 
a-29 
a-31 
a-31 
a-31 
a-33 
a-33 
a-33 
a-35 
a-31 
a-31 
a-31 
a-33 
a-33 
a-33 
a-35 
a-29 
a-29 
a-37 
a-37 


INDEX 


type number 


description 


Microcontrollers (continued) 


MAB8401B 
MAB8401WP 
MAB8410P 
MAB8410T 
MAB8420P 


MAB8420T 
MAB8421P 
MAB8421T 
MAB8422P 
MAB8440P 


MAB8440T 
MAB8441P 
MAB8441T 
MAB8442P 
MAB8461P 


MAF8031AHP 
MAF8031AHWP 
MAF8035HLP 
MAF8035HLWP 


MAF8039HLP 


MAF8039H LWP 
MAF80A39HLP 


MAF8048HP 
MAF 8048HWP 
MAF8049HP 


MAF 8049HWP 
MAF80A49HP 


MAF8051AHP 
MAF8051AHWP 
MAF8410P 


MAF8420P 
MAF8421P 
MAF8422P 
MAF84A22P 


MAF8440P 


April 1985 


like MAB8400 but with 8-bit LED-driver 
like MAB8400 but with 8-bit LED-driver 
single-chip 8-bit uC; 1K ROM/64 RAM bytes 
single-chip 8-bit uC; 1K ROM/64 RAM bytes 
single-chip 8-bit uC; 2K ROM/64 RAM bytes 


single-chip 8-bit uC; 2K ROM/64 RAM bytes 

single-chip 8-bit uC; 2K ROM/64 RAM bytes plus 8-bit LED driver 
single-chip 8-bit uC; 2K ROM/64 RAM bytes plus 8-bit LED driver 
single-chip 8-bit uC; 2K ROM/64 RAM bytes 

single-chip 8-bit uC; 4K ROM/128 RAM bytes 


single-chip 8-bit uC; 4K ROM/128 RAM bytes 
single-chip 8-bit uC; 4K ROM/128 RAM bytes plus 8-bit LED driver 
single-chip 8-bit uC; 2K ROM/128 RAM bytes plus 8-bit LED driver 
single-chip 8-bit wC; 4K ROM/128 RAM bytes 
single-chip 8-bit uC; 6 ROM/128 RAM bytes plus 8-bit LED driver 


single-chip 8-bit uC; ROM-less version of MAB8051AH; 
extended temperature 

single-chip 8-bit wC; ROM-less version of MAB8051AH; 
extended temperature 

single-chip 8-bit wC; ROM-less version of MAB8048H; 
extended temperature 

single-chip 8-bit wC; ROM-less version of MAB8048H; 
extended temperature 

single-chip 8-bit wC; ROM-less version of MAB8049H; 
extended temperature 


single-chip 8-bit uC; ROM-less version of MAB8049H; 

extended temperature 

single-chip 8-bit uC; ROM-less version of MAB80A49H; 

reduced frequency; extended temperature 

single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM; extended temperature 
single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM; extended temperature 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM; extended temperature 


single-chip 8-bit wC; 2Kx8 ROM, 128x8 RAM; extended temperature 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM; reduced frequency; 
extended temperature 

single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM; extended temperature 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM; extended temperature 
single-chip 8-bit uC; 1K ROM/64 RAM bytes 


single-chip 8-bit uC; 2K ROM/64 RAM bytes 

single-chip 8-bit uC; 2K ROM/64 RAM bytes plus 8-bit LED driver 
single-chip 8-bit uC; 2K ROM/64 RAM bytes; extended temperature 
single-chip 8-bit uC; 2K ROM/64 RAM bytes; reduced frequency; 
extended temperature 

single-chip 8-bit uC; 4K ROM/128 RAM bytes 


page 


a-37 
a-37 
a-37 
a-37 
a-37 
a-37 
a-37 
a-37 
a-39 
a-37 
a-3/ 
a-37 
a-37 
a-39 
a-37 


a-29 


a-29 


a-31 


a-31 


a-33 


a-33 


a-33 
a-31 
a-31 
a-33 
a-33 


a-33 
a-29 
a-29 
a-37 
a-37 
a-37 
a-39 


a-39 
a-37 
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Microcontrollers (continued) 


MAF8441P single-chip 8-bit wC; 4K ROM/128 RAM bytes plus 8-bit LED driver q-37 
MAF8442P single-chip 8-bit uC; 4K ROM/128 RAM bytes; extended temperature 4-39 
MAF84A42P single-chip 8-bit uC; 4K ROM/128 RAM bytes; reduced frequency 

extended temperature a-39 
MAF8461P single-chip 8-bit uC; 6 ROM/128 RAM bytes plus 8-bit LED driver = q-37 
PCB80C35P single-chip 8-bit uC; ROM-less version of PCB80C48 a-41 
PCB80C35WP single-chip 8-bit uC; ROM-less version of PCB80C48 a-41 
PCB80C39P single-chip 8-bit uC; ROM-less version of PCB80C49 a-41 
PCB80C39WP single-chip 8-bit uC; ROM-less version of PCB80C49 a-41 
PCB80C48P single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM a-41 
PCB80C48WP single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM a-41 
PCB80C49P single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM a-41 
PCB80C49WP single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM a-41 


Video games 


SAA1099 stereo sound generator for sound effects and music synthesis; 

uC controlled a-185 
TDA2505 SECAM encoder b-61 
TEA1002 PAL colour encoder and video summer b-717 


A/D and D/A converters 


PNA7507; A 7-bit analogue-to-digital converter (ADC 7) a-99 
PNA7518 8-bit multiplying DAC a-107 
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INDEX 


type number 
MAB8031AHP 
MAB8031AHWP 
MAB8035HLP 
MAB8035HLWP 


MAB8035HLT 


MAB8039HLP 
MAB8039H LWP 
MAB8039HLT 
MAB8040HLP 


MAB8048HP 


MAB8048HWP 
MAB8048HT 
MAB8049HP 
MAB8049HWP 
MAB8049HT 


MAB8050HP 
MAB8051AHP 
MAB8051AHWP 
MAB8400B 
MAB8400WP 


MAB8401B 
MAB8401WP 
MAB8410P 
MAB8410T 
MAB8420P 


MAB8420T 
MAB8421P 


MAB8421T 


MAB8422P 
MAB8440P 
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NUMERICAL INDEX 


description 


single-chip 8-bit uC; ROM-less version of 
MAB8051AH 

single-chip 8-bit uC; ROM-less version of 
MAB8051AH 

single-chip 8-bit uC; ROM-less version of 
MAB8048H 

single-chip 8-bit uC; ROM-less version of 
MAB8048H 

single-chip 8-bit uC; ROM-less version of 
MAB8048H 


single-chip 8-bit uC; ROM-less version of 
MAB8049H 

single-chip 8-bit uC; ROM-less version of 
MAB8049H 

single-chip 8-bit uC; ROM-less version of 
MAB8049H 

single-chip 8-bit uC; ROM-less version of 
MAB8050H 

single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 


single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 
single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 
single-chip 8-bit wC; 2Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 


single-chip 8-bit uC; 4Kx8 ROM, 256x8 RAM 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 128 RAM bytes 
single-chip 8-bit uC; 128 RAM bytes 


like MAB8400 but with 8-bit LED-driver 
like MAB8400 but with 8-bit LED-driver 
single-chip 8-bit uC; 1K ROM/64 RAM bytes 
single-chip 8-bit uC; 1K ROM/64 RAM bytes 
single-chip 8-bit wl; 2K ROM/64 RAM bytes 


single-chip 8-bit wl; 2K ROM/64 RAM bytes 
single-chip 8-bit uC; 2K ROM/64 RAM bytes 
plus 8-bit LED driver 

single-chip 8-bit uC; 2K ROM/64 RAM bytes 
plus 8-bit LED driver 

single-chip 8-bit uC; 2K ROM/64 RAM bytes 
single-chip 8-bit uC; 4K ROM/128 RAM bytes 


| package code 


SOT-129 
44-PLCC;SOT-187 
SOT-129 
44-PLCC;SOT-187 


VSO-40; SOT-158A 


SOT-129 
44-PLCC;SOT-187 
VSO-40; SOT-158A 


SOT 129 
SOT-129 


44-PLCC; SOT-187 
VSO-40;SOT-158A 
SOT-129 

44-PLCC;SOT-187 
VSO-40; SOT-158A 


SOT-129 

SOT-129 
44-PLCC;SOT-187 
28/28 “Piggy back” 


68-PLCC; SOT-188A 


28/28 ‘'Piggy back” 


68-PLCC; SOT-188A 


SOT-117A 
SO-28; SOT-136A 
SOT-117A 


SO-28;SOT-136A 
SOT-117A 
SO-28;SOT-136A 


SOT-146 
SOT117A 


page 


a-29 


a-29 


a-31 


a-31 


a-31 


a-33 


a-33 


a-33 


a-35 
a-31 
a-31 
a-31 
a-33 
a-33 
a-33 


a-35 
a-29 
a-29 
a-37 
a-3/7 
a-37 
a-37 
a-37 
a-37 
a-37 
a-37 


a-37 
a-37 


a-39 
a-37 


Numerical index 


type number 


description 


rere tae cr cer reese Re NNEneHn tener RY erp nA reer 


MAB8440T 
MAB8441P 


MAB8441T 


MAB8442P 
MAB8461P 


MAF8031AHP 


MAF8031AHWP 


MAF8035HLP 


MAF8035HLWP 


MAF8039HLP 


MAF8039H LWP 


MAF80A39H LP 


MAF8048HP 


MAF8048HWP 


MAF8049HP 


MAF8049HWP 


MAF80A49HP 


MAF8051AHP 


MAF8051AHWP 


MAF8410P 


MAF8420P 
MAF8421P 


MAF8422P 


MAF84A22P 


MAF8440P 


single-chip 8-bit uC; 4K ROM/128 RAM bytes 
single-chip 8-bit uC; 4K ROM/128 RAM bytes 
plus 8-bit LED driver 
single-chip 8-bit uC; 2K ROM/128 RAM bytes 
plus 8-bit LED driver 
single-chip 8-bit uC; 4K ROM/128 RAM bytes 
single-chip 8-bit uC; 6 ROM/128 RAM bytes 
plus 8-bit LED driver 


single-chip 8-bit uC; ROM-less version of 
MAB8051AH; extended temperature 
single-chip 8-bit uC; ROM-less version of 
MAB8051AH; extended temperature 
single-chip 8-bit uC; ROM-less version of 
MAB8048H; extended temperature 
single-chip 8-bit uC; ROM-less version of 
MAB8048H; extended temperature 
single-chip 8-bit uC; ROM-less version of 
MAB8049H; extended temperature 


single-chip 8-bit wC; ROM-less version of 
MAB8049H; extended temperature 
single-chip 8-bit uC; ROM-less version of 
MAB80A49H;; reduced frequency; 

extended temperature 

single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM; 
extended temperature 

single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM; 
extended temperature 

single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM; 
extended temperature 


single-chip 8-bit #C; 2Kx8 ROM, 128x8 RAM; 
extended temperature . 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM; 
reduced frequency; extended temperature 
single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM; 
extended temperature 

single-chip 8-bit uC; 4Kx8 ROM, 128x8 RAM; 
extended temperature 

single-chip 8-bit uC; 1K ROM/64 RAM bytes 


single-chip 8-bit uC; 2K ROM/64 RAM bytes 
single-chip 8-bit wl; 2K ROM/64 RAM bytes 
plus 8-bit LED driver 

single-chip 8-bit uC; 2K ROM/64 RAM bytes; 
extended temperature 

single-chip 8-bit wC; 2K ROM/64 RAM bytes; 
reduced frequency; extended temperature 
single-chip 8-bit uC; 4K ROM/128 RAM bytes 


INDEX 


package code 
SO-28; SOT-136A 
SOT-117A 


SO-28; SOT-136A 
SOT-146 


SOT-117A 


SOT-129 
44-PLCC;SOT-187 
SOT-129 
44-PLCC;SOT-187 


SOT-129 


44-PLCC; SOT-187 


SOT-129 
SOT-129 
44-PLCC;SOT-187 


SOT-129 


44-PLCC;SOT-187 
SOT-129 
SOT-129 


44-PLCC;SOT-187 
SOT-117A 


SOT-117A 
SOT-117A 
SOT-146 


SOT-146 
SOT-117A 
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page 


a-37 


a-37 


a-37 
a-39 


a-37 


a-29 


a-29 


a-31 


a-31 


a-33 


a-33 


INDEX 


type number 
MAF8441P 
MAF 8442P 
MAF 84A42P 
MAF8461P 


PCB80C35P 


PCB80C35WP 
PCB80C39P 
PCB80C39WP 


PCB80C48P 
PCB80C48WwP 


PCB80C49P 
PCB80C49WP 
PCF2100P 
PCF2100T 
PCF2110P 


PCF2110T 
PCF2111P 
PCF2111T 
PCF2112P 
PCF2112T 


PCF8573P 
PCF8573T 
PNA7507; A 
PNA7518 
SAA1043 


SAA1044 
SAA 1056P 
SAA1057 
SAA1060 
SAA1061 


SAA1062A 
SAA1062AT 
SAA1082P 
SAA1099 


SAA1300 


April 1985 


description 


single-chip 8-bit uC; 4K ROM/128 RAM bytes 
plus 8-bit LED driver 


single-chip 8-bit uC; 4K ROM/128 RAM bytes; 


extended temperature 


single-chip 8-bit uC; 4K ROM/128 RAM bytes; 


reduced frequency; extended temperature 
single-chip 8-bit uC; 6K ROM/128 RAM bytes 
plus 8-bit LED driver 

single-chip 8-bit uC; ROM-less version of 
PCB80C48 


single-chip 8-bit uC; ROM-less version of 
PCB80C48 

single-chip 8-bit uC; ROM-less version of 
PCB80C49 

single-chip 8-bit u1C; ROM-less version of 
PCB80C49 

single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 
single-chip 8-bit uC; 1Kx8 ROM, 64x8 RAM 


single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 
single-chip 8-bit uC; 2Kx8 ROM, 128x8 RAM 
LCD duplex driver; 40 segments 

LCD duplex driver; 40 segments 

LCD duplex driver; 60 segments and 2 LEDs 


LCD duplex driver; 60 segments and 2 LEDs 
LCD duplex driver; 64 segments 

LCD duplex driver; 64 segments 

LCD driver; 32 segments 

LCD driver; 32 segments 


clock/calendar with serial 1/O (12C bus) 
clock/calender with serial 1/O (12C bus) 
7-bit analogue-to-digital converter (ADC 7) 
8-bit multiplying DAC 

universal syne generator 


subcarrier coupling circuit 
PLL frequency synthesizer 


radio tuning PLL frequency synthesizer (SYMOII) 


LED display/interface circuit 
LED driver/output port expander 


LCD display/interface circuit 

LCD display/interface circuit 

remote transmitter 

stereo sound generator for sound effects 
and music synthesis; uC controlled 
tuner switching unit 


package code 


SOT-117A 
SOT-146 
SOT-146 
SOT-117A 


SOT-129 


44-PLCC;SOT-187 
SOT-129 


44-PLCC;SOT-187 
SOT-129 
44-PLCC;SOT-187 


SOT-129 
44-PLCC;SOT-187 
SOT-117D 
$0-28;SOT-136A 
SOT-129 


VSO-40; SOT-158A 
SOT-129 
VSO-40; SOT-158A 
SOT-129 
VSO-40; SOT-158A 


SOT-38 
SO-16L;SOT-162A 
SOT-101A 
SOT-38WE-1 
SOT-117 


SOT-38 
SOT-38Z 
SOT-102HE 
SOT-101A 
SOT-101A 


SOT-117 
SO-28;SOT-136A 
SOT-117 


SOT-102CS 
SOT-142B 


page 


a-37 
a-39 
a-39 
a-37 
a-41 
a-41 
a-41 


a-41 
a-41 
a-41 
a-41 
a-41 
a-43 
a-43 
a-53 


a-53 
a-63 
a-63 
a-73 
a-73 
a-81 
a-81 
a-99 
a-107 
a-113 


a-129 
a-137 
a-145 
a-155 
a-161 
a-167 
a-167 
a-173 


a-185 
a-201 


Numerical index 


type number 


SAA3004P 
SAA3004T 
SAA3006 


SAA3027 
SAA3028 


SAA5020 
SAA5025D 


SAA5030 
SAA5040A, B, C 
SAA5041 


SAA5042 
SAA5045 


SAA5050 
SAA5051 
SAA5052 


SAA5053 
SAA5054 
SAA5055 
SAA5056 
SAA5057 


SAA5070 
SAA5230 
SAA5240A 


SAA5240B 


SAA5350 


SAB1164 
SAB1165 
SAB1256 
SAB3013 
SAB3034 


SAB3035 
SAB3036 


SAB3037 


description 


remote control transmitter for infrared operation 
remote control transmitter for infrared operation 
low voltage infrared remote control transmitter 
(RC-5) 

infrared remote control transmitter (RC-5) 
infrared remote control transcoder 

(RC-5); |2C bus compatible 


teletext timing chain (625 lines) 

teletext timing chain for USA 525 line system 
(USTIC); 40 characters per row, 

24 rows (8 TV lines per row) 

teletext video processor 

teletext acquisition and control circuit 
teletext acquisition and control circuit 


teletext acquisition and control circuit 
gearing and address logic array for USA 
teletext (GALA) 

teletext character generator (English) 
teletext character generator (German) 
teletext character generator (Swedish) 


teletext character generator (Italian) 
teletext character generator (Belgian) 
teletext character generator (US ASCII) 
teletext character generator (Hebrew) 
teletext character generator (Cyrillic) 


peripheral IC for viewdata (LUCY); uC controlled 
teletext video processor 

computer controlled teletext circuit (CCT); 
625-line system (English, German, Swedish) 
computer controlled teletext circuit (CCT); 
625-line system (Italian, German, French) 

colour CRT controller (EUROM); CEPT standard 


sensitive 1 GHz divider-by-64; Ry = 1 kQ 
sensitive 1 GHz divider-by-64; R, = 0,5 kQ 
sensitive 1 GHz divider-by-256 

6 function analogue memory; uC controlled 
analogue and tuning circuit (A & T) 


computer interface for tuning and control 
(CITAC); 8-DACs; I?C bus 

computer interface for tuning and control 
(CITAC); without DACs; 1*C bus 
computer interface for tuning and control 
(CITAC); 4-DACs; I?C bus 


INDEX 


package code page 

SOT-146 a-205 
SO-20; SOT-163A a-205 
SOT-117 a-215 
SOT-117 a-229 
SOT-38Z a-243 
SOT-101A a-251 
SOT-117D a-261 
SOT-101A a-279 
SOT-117 a-289 
SOT-117 a-289 
SOT-117 a-289 
SOT-117D a-309 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-117 a-317 
SOT-129 a-341 
SOT-117 a-371 
SOT-129 a-383 
SOT-129 a-383 
SOT-129 a-409 
SOT-97A a-437 
SOT-97A a-437 
SOT-97A a-443 
SOT-38 a-449 
SOT-102CS a-457 
SOT-117 a-471 
SOT-102HE a-487 
SOT-101A a-503 
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INDEX 


type number 


SAF 1032P 
SAF 1039P 
SAF3019 
TBA120U 
TBA540 


TBA750C 
TBA750CO 
TBA920S 
TCA640 


TCA650 


TCA660B 


TDAO820T 
TDA1013A 
TDA1029 
TDA1082 


TDA1512 
TDA15120 
TDA1520 
TDA15200 
TDA1520A 


TDA1520AQ 


TDA1524A 
TDA2501 
TDA2502 
TDA2503 


TDA2504P 
TDA2504T 
TDA2505 
TDA2506 
TDA2507 


TDA2540 
TDA25400 
TDA2541 
TDA25410. 
TDA2542 


TDA25420 


TDA2543 
TDA2544 
TDA25440 
TDA2545A 


TDA2546A 
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description 


receiver/decoder for infrared operation 
remote transmitter for infrared operation 
clock/timer with serial |/O; wC controlled 
sound i.f. amplifier/demodulator 
reference combination 


limiter/amplifier 

limiter/amplifier 

horizontal combination 

chrominance amplifier for SECAM or 
PAL/SECAM decoders 

chrominance demodulator for SECAM or 
PAL/SECAM decoders 


contrast, saturation and brightness control circuit 
for colour difference and luminance signals 

double balanced modulator/demodulator 

4 W audio power amplifier with d.c. volume control 
signal sources switch (4 x two channels) 

east-west correction driver circuit 


12 to 20 W hi-fi audio power amplifier 
12 to 20 W hi-fi audio power amplifier 
20 W hi-fi audio power amplifier 
20 W hi-fi audio power amplifier 
20 W hi-fi audio power amplifier 


20 W hi-fi audio power amplifier 
stereo-tone/volume control circuit 
PAL/NTSC encoder 

tacho motor speed controller 
track sensing amplifier for VCR 


FM modem for VCR (8 mm) 
FM modem for VCR (8 mm) 
SECAM encoder (video games) 
SECAM encoder 

FM modulator controller 


IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; PNP tuners 
IF amplifier and demodulator; PNP tuners 
IF amplifier and demodulator; PNP tuners 
(E and L standard) 


IF amplifier and demodulator; PNP tuners 
(E and L standard) 

AM sound IF circuit for French standard 
IF amplifier and demodulator; MOS tuners 
IF amplifier and demodulator; MOS tuners 
quasi-split-sound circuit 


quasi-split-sound circuit; 5,5 MHz demodulation 


package code 


SOT-102A 
SOT-38Z 
SOT-38DE 
SOT-27K, M, T 
SOT-38 


SOT-38 
SOT-58 
SOT-38 


SOT-38 


SOT-38 


SOT-38 

SO-14; SOT-108A 
SOT-110B 
SOT-38 

SOT-38 


SOT-131B 
SOT-157B 
SOT-131A 
SOT-157A 
SOT-131A 


SOT-157A 

SOT-102HE 
SOT-38WE2 
SOT-102HE 
SOT-38WE2 


SOT-101 

SO-24; SOT-137A 
SOT-117 
SOT-101B 
SOT-38WE9 


SOT-38 
SOT-58 
SOT-38 
SOT-58 


SOT-38 


SOT-58 
SOT-102CS 
SOT-38 
SOT-58 
SOT-38 


SOT-102CS 


page 


a-519 
a-519 
a-533 
a-543 
a-549 


a-557 
a-557 
a-565 


a-571 


a-579 


a-587 
a-597- 
a-601 

a-605 
a-619 


a-625 
a-625 
a-631 
a-631 
a-637 


a-637 
a-643 
b-29 
b-35 
b-45 
b-51 
b-51 
b-61 
b-69 
b-81 
b-89 
b-89 
b-97 
b-97 


b-105 


b-105 
b-113 
b-119 
b-119 
b-127 


b-133 


Numerical index 


type number 


TDA2548 
TDA25480 
TDA2555 
TDA2577A 
TDA2578A 


TDA2579 


TDA2581 
TDA25810 
TDA2582 
TDA25820 


TDA2593 
TDA2594 


TDA2595 


TDA2611A 
TDA2653A 


TDA2654S 
TDA2655B 


TDA2730 
TDA2740 
TDA2791 


TDA2795 
TDA3047 
TDA3048 
TDA3501 
TDA3505 


TDA3510 
TDA3540 
TDA35400 
TDA3541 
TDA35410 
TDA3560 
TDA3561A 
TDA3562A 
TDA3563 
TDA3564 
TDA3565 
TDA3571B 


TDA3576B 


description 


IF amplifier and demodulator; PNP tuners 

IF amplifier and demodulator; PNP tuners 

dual TV sound demodulator circuit 

sync circuit with vertical oscillator and driver stages 
sync Circuit with vertical oscillator and driver stages 


sync circuit with synchronized vertical divider 
system and output stages 

control circuit for SMPS 

control circuit for SMPS 

control circuit for PPS 

control circuit for PPS 


horizontal combination 

horizontal combination with transmitter 
identification 

horizontal combination with transmitter 
identification and protection circuits 

5 W audio power amplifier 

vertical deflection circuit; PIL-S4, 30 AX systems 
and monitors 


vertical deflection circuit; monochrome, 

110°; tiny-vision colour, 90° 

vertical deflection circuit; colour and 
monochrome, 90° 

FM limiter/demodulator (VCR) 

amplifier and drop-out identification circuit (VCR) 
TV sound combination; volume, treble, bass 


TV stereo/dual sound identification decoder 
infrared receiver circuit; Vg = positive 
infrared receiver circuit; Vo = negative 

video control combination 

video control combination with automatic 
cut-off control 


PAL decoder 

IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; NPN tuners 
IF amplifier and demodulator; PNP tuners 
IF amplifier and demodulator; PNP tuners 


PAL decoder 

PAL decoder 

PAL/NTSC decoder 

NTSC decoder 

NTSC decoder without R.G.B. inputs 


PAL decoder 

sync combination with transmitter 
identification/vertical divider (625 lines) 
sync combination with transmitter 
identification/vertical divider (625 lines) 


package code 


SOT-38 
SOT-58 
SOT-102HE 
SOT-102HE 
SOT-102HE 


SOT-102HE 
SOT-38 
SOT-58 
SOT-38 
SOT-58 


SOT-38 


SOT-102DS 


SOT-102CS 
SOT-110B 


SOT-141B 


SOT-110B 


SOT-150 
SOT-38 
SOT-38 
SOT-38 


SOT-102DS 
SOT-38 
SOT-38 
SOT-117 


SOT-117 


SOT-101A 
SOT-38 
SOT-58 
SOT-38 
SOT-58 


SOT-117 
SOT-117 
SOT-117 
SOT-117 
SOT-101A 


SOT-102HE 


SOT-102HE 


SOT-102HE 


INDEX 


page 


b-139 
b-139 
b-147 
b-151 
b-165 


b-179 
b-195 
b-195 
b-207 
b-207 


b-221 
b-229 


b-237 
b-247 


b-257 


b-265 


b-273 
b-281 
b-289 
b-293 


b-305 
b-311 
b-317 
b-323 


b-331 


b-339 
b-343 
b-343 
b-343 
b-343 


b-353 
b-363 
b-375 
b-391 
b-401 


b-411 
b-419 


b-431 
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INDEX 


type number 


TDA3586 
TDA3590 
TDA3590A 
TDA3591 
TDA3591A 


TDA3650 
TDA3651_ 
TDA3651A 
TDA3651AQ 
TDA3652 


TDA36520 
TDA3653 


TDA3653A 


TDA3701 
TDA3710 


TDA3720 


TDA3724 
TDA3730 


TDA3740 
TDA3755 


TDA3760 


TDA3771 
TDA3780 
TDA3791 
TDA3800G 


TDA3800GS 
TDA3803A 
TDA3810 
TDA4500 
TDA4501 


TDA4503 
TDA4510 
TDA4555 
TDA4556 
TDA4560 


TDA5030 
TDA8442 
TDB2033 


TEA1002 
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description 


horizontal and vertical sync processor 
SECAM processor circuit 

SECAM processor (improved TDA3590) 
SECAM processor circuit 

SECAM processor circuit 


vertical deflection circuit 
vertical deflection circuit 
vertical deflection circuit 
vertical deflection circuit 
vertical deflection circuit 


vertical deflection circuit 

vertical deflection circuit with + 60 V 

and protection 

vertical deflection circuit with + 60 V 

and protection 

PAL sync processor for VCR (V2000 system) 
chrominance signal/mixer for VCR (V2000 system) 


SECAM chrominance signal processor for VCR 
(V2000 system) 

SECAM identification circuit 

frequency demodulator and drop-out 
compensator (VCR) 

video processor/frequency modulator for VCR 
PAL/NTSC sync processor for VCR (VHS system) 


PAL chrominance signal processor for VCR 

(VHS system) 

video processor for VCR 

frequency modulator for VCR 

band selector and window detector 

stereo/dual TV sound processor (dynamic selection) 


stereo/dual TV sound processor (static selection) 
stereo/dual TV sound processor 

spatial, stereo and pseudo-stereo sound 

small signal combination IC for monochrome TV 
small signal combination for colour TV 


small signal combination IC for B/W TV 

PAL decoder 

multistandard decoder for —(R—Y), —(B—Y) signals 
multistandard decoder for + (R + Y), + (B—Y) signals 
colour transient improvement circuit 


mixer/oscillator for VHF tuner 

1?C BUS interface for colour decoders 
preamplifier for infrared remote control 
transmission 

PAL colour encoder and video summer 


package code 


SOT-117 

SOT-101B 
SOT-101B 
SOT-101B 
SOT-101B 


SOT-141B 
SOT-110B 
SOT-131B 
SOT-157B 
SOT-131B 


SOT-157B 
SOT-110B 


SOT-131B 
SOT-117 
SOT-117 


SOT-102HE 
SOT-102KE 


SOT-117 
SOT-117 
SOT-102HE 


SOT-117 
SOT-102CS 
SOT-102CS 
SOT-38WE2 
SOT-117 


SOT-117 
SOT-117 
SOT-102HE 
SOT-117 
SOT-117 


SOT-117 
SOT-38 
SOT-117 
SOT-117 
SOT-102CS 


SOT-102HE 
SOT-38 


SOT-38 
SOT-102CS 


page 


b-445 
b-453 
b-467 
b-483 
b-497 


b-507 
b-515 
b-523 
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TYPE 
DESIGNATION 


PRO ELECTRON TYPE DESIGNATION CODE 
FOR INTEGRATED CIRCUITS 


This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film, 
thick-film and hybrid integrated circuits. 


A basic number consists of: 
THREE LETTERS FOLLOWED BY A SERIAL NUMBER 


FIRST AND SECOND LETTER 


1. 


DIGITAL FAMILY CIRCUITS 
The FIRST TWO LETTERS identify the FAMILY (see note 1). 


. SOLITARY CIRCUITS 


The FIRST LETTER divides the solitary circuits into: 


S : Solitary digital circuits 
T : Analogue circuits 
U: Mixed analogue/digital circuits 


The SECOND LETTER is a serial letter without any further significance except ‘H’ which stands 
for hybrid circuits. 


. MICROPROCESSORS 


The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows: 


_ { Microcomputer 

‘ | Central processing unit 

MB : Slice processor (see note 2) 

MD : Correlated memories 

ME : Other correlated circuits (interface, clock, peripheral controller, etc.) 


MA 


. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 


The FIRST TWO LETTERS identify the following: 


NH : Hybrid circuits 

NL : Logic circuits 

NM : Memories 

NS : Analogue signal processing, using switched capacitors 
NT : Analogue signal processing, using CTDs 

NX : Imaging devices 

NY : Other correlated circuits 


Notes 


1. 


A logic family is an assembly of digital circuits designed to be interconnected and defined by its 
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay, 
noise immunity). 


2. By ‘slice processor’ is meant: a functional slice of microprocessor. 
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TYPE 
DESIGNATION 


THIRD LETTER 


It indicates the operating ambient temperature range. 
The letters A to G give information about the temperature: 


temperature range not specified 
0 to + 70°C 

—55 to + 125 °C 

—25 to + 70 °C 

—25 to + 85 OC 

—40 to + 85 OC 

—55 to + 85 OC 


QOonmmooanaw > 


If a circuit is published for another temperature range, the letter indicating a narrower temperature 
range may be used or the letter ‘A’. 


Example: the range 0 to + 75 °C can be indicated by 'B’ or ‘A’. 


SERIAL NUMBER 


This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a 
combination of figures and letters) of an existing company type designation of the manufacturer. 


To the basic type number may be added: 
A VERSION LETTER | 


Indicates a minor variant of the basic type or the package. Except for 'Z’, which means customized 
wiring, the letter has no fixed meaning. The following letters are recommended for package variants: 


: for cylindrical 

: for ceramic DIL 

: for flat pack 

: for chip on tape 

: for plastic DIL 

: for QIL 

: for miniature plastic (mini-pack) 
: for uncased chip 


caAp Vr TnNOsOOH 


Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, if the 
manufacturer (sponsor) wishes to give more information. 


FIRST LETTER: General shape SECOND LETTER: Material 


C : Cylindrical C : Metal-ceramic 
D : Dual-in-line (DIL) G : Glass-ceramic (cerdip) 
E : Power DIL (with external heatsink) M: Metal 

F : Flat (leads on 2 sides) P : Plastic 

G : Flat (leads on 4 sides) 

K : Diamond (TO-3 family) 

M: Multiple-in-line (except Dual-, Triple-, Quadruple-in-line) 

Q : Quadruple-in-line (QiL) 

R : Power QIL (with external heatsink) 

S_: Single-in-line 

T : Triple-in-line 

A 


hyphen precedes the suffix to avoid confusion with a version letter. 
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RATING 
SYSTEMS 


RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 


Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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RATING 
SYSTEMS 


DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under the worst probable conditions. 


_ These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac- 
teristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under normal conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device 

in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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HANDLING 
MOS DEVICES 


HANDLING MOS DEVICES 


Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
precautions are recommended. 


Caution 


Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS 
devices should normally be connected to ground via a resistor. 


Storage and transport 


Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 


Testing or handling 


Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 
surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand- 
ling equipment to the same surface. 

Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 


Mounting 


Mount MOS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed- 
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 

into contact with it. 


Soldering 


Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MOS circuits and the board. 


Static charges 


Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MOS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 


Transient voltages 


To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or 
printed-circuit boards with MOS devices, from test sockets or systems with power on. 


Voltage surges 
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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DEVICE DATA 


DEVELOPMENT DATA 
This data sheet contains advance information and 


MAB8031AH 
MAB8051AH 


specifications are subject to change without notice. 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8051AH family of single-chip 8-bit microcontrollers is manufactured in an advanced 2 wu 
NMOS process. The family consists of the following members: 


@ MAB8031AH: ROM-less version of the MAB8051AH 
@ MAB8051AH: 4 K bytes ROM, 128 bytes RAM 


Both types are available in 8, 10 and 12 MHz versions. In the following, the generic term ‘““MAB8051AH” 
is used to refer to both family members. 


The device provides hardware features, architectural enhancements and new instructions to function as a 
controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes of 
data storage. 


The MAB8051AH contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 

a volatile 128 x 8 read/write data memory; 32 |/O lines; two 16-bit timer/event counters; a five-source, 
two-priority-level, nested interrupt structure; a serial [/O port for either multi-processor communications, 
|/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that require 
extra capability, the MAB8051AH can be expanded using standard TTL compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41% two- 
byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 us and 40% 
in 2 us. Multiply and divide instructions require 4 ys. Multiply, divide, subtract and compare are among 
the many instructions added to the standard MAB8048H instruction set. 


Features 


@ 4K x 8 ROM (8051AH only), 128 x 8 RAM 
® Four 8-bit ports, 32 1/O lines 
® Two 16-bit timer/event counters 
@ Fuli-duplex serial port 
@ External memory expandable to 128 K 
® Boolean processing 
@ 218 bit-addressable locations 
® On-chip oscillator 
® Five-source interrupt structure with two priority levels 
@ 58% of instructions executed in 1 ws; multiply and divide in 4 us (at 12 MHz clock) 
@ Enhanced architecture with: 
non-page-oriented instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, substract and compare. 


PACKAGE OUTLINES 


MAB8031/51AHP; MAF8031/51AHP: 40-lead DIL; plastic (SOT-129). 
MAB8031/51AHWP; MAF8031/51AHWP: 44-lead, plastic leaded-chip-carrier (PLCC); SOT-187. 
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MAB8035HL 
MAB8048H 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8048H family of single-chip 8-bit microcontrollers are fabricated in H-MOS. 

Two interchangeable (pin compatible) versions are available: 

@ The MAB8048H with resident mask-programmed ROM, 

@® The MAB8035HL without resident program memory for use with external EPROM/ROM. 


The MAB8048H family are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual |/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 


An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external 
events. The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 


FEATURES 


8-bit CPU, ROM, RAM, I/O ina single 40-pin package 
1K x 8 ROM, 64 x 8 RAM, 27 1/0 lines 

Internal counter/timer 

Internal oscillator, clock driver 

Single-level interrupts: external and counter/timer 

17 internal registers: accumulator, 16 addressable registers 
Gver 90 instructions: 70% single byte 

All instructions: 1 or 2 cycles (1,875 ys per cycle) 
Easily expandable memory and !/O 

TTL compatible inputs and outputs 

Single 5 V supply 


APPLICATIONS 


® Peripheral interfaces and controllers 
@ Test and measurement instruments 
@ Sequencers 

® Audio/video systems 

® Environmental control systems 

© Modems and data enciphering 


PACKAGE OUTLINES 


MAB8035HLP; MAB8048HP: 40-lead DIL; plastic (SOT-129). 

MAB8035H LWP; MAB8048HWP: 44-lead, plastic leaded-chip-carrier (PLCC); SOT-187. 
MAB8035HLT; MAB8048HT: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
MAF8035HLP; MAF8048HP: 40-lead DIL; plastic (SOT-129). 

MAF8025HLWP; MAF8048HWP: 44-lead, plastic leaded-chip-carrier (PLCC); SOT-187. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB804SH family of single-chip 8-bit microcontrollers are fabricated in H-MOS. 
Two interchangeable (pin compatible) versions are available: 


@ The MAB8049H with resident mask-programmed ROM, 
@ The MAB8039HL without resident program memory for use with external EPROM/ROM. 


The MAB8049H family are designed to be efficient controi processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual !/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 


An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 


FEATURES 


8-bit CPU, ROM, RAM, !/O in a single 40-pin package 
2 K x 8 ROM, 128 x 8 RAM, 27 |/O lines 

Internal counter/timer 

Internal oscillator, clock driver 

Single-level interrupts: external and counter/timer 

17 internal registers: accumulator, 16 addressable registers 
Over 90 instructions: 70% single byte 

All instructions: 1 or 2 cycles 

Easily expandable memory and I/O 

TTL compatible inputs and outputs 

Single 5 V supply 

Standard and extended temperature range 


APPLICATIONS 


@ Peripheral interfaces and controllers 
Test and measurement instruments 
@ Sequencers 

@ Audio/video systems 

® 

@ 


Environmental control systems 
Modems and data enciphering 


PACKAGE OUTLINES 


MAB8039HLP; MAB8049HP: 40-lead DIL; plastic (SOT-129). 

MAB8039HLWP; MAB8049HWP: 44-lead, plastic leaded-chip-carrier (PLCC); SOT-187. 
MAB8039HLT; MAB8049HT: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
MAF8039HLP; MAF8049HP : 40-lead DIL; plastic (SOT-129). 

MAF8039HLWP; MAF8049HWP: 44-lead, plastic leaded-chip-carrier (PLCC); SOT-187. 
MAF80A39HLP; MAF80A49HP: 40-lead DIL; plastic (SOT-129). 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8050H family of single-chip 8-bit microcontrollers are fabricated in H-MOS. 

Two interchangeable (pin compatible) versions are available: 

@ The MAB8050H with resident mask-programmed ROM, 

@® The MABS8040L without resident program memory for use with external EPROM/ROM. 


The MAB8040H family are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual I/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 


An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external 
events. The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 


FEATURES 


@ 8-bit CPU, ROM, RAM, I/O in a single 40-pin package 
@ 4K x8 ROM, 256 x 8 RAM, 27 1/0 lines 

@ Internal counter/timer 

@ Internal oscillator, clock driver 

@ Single-level interrupts: external and counter/timer 

@ 17 internal registers: accumulator, 16 addressable registers 
®@ Over 90 instructions: 70% single byte 

@ All instructions: 1 or 2 cycles (1,36/2,5 us per cycle) 
@ Easily expandable memory and I/O 

® TTL compatible inputs and outputs 

@ Single 5 V supply 


APPLICATIONS 


Peripheral interfaces and controllers 
Test and measurement instruments 
Sequencers 

Audio/video systems 
Environmental control systems 
Modems and data enciphering 


PACKAGE OUTLINES 
MAB8040HLP; MAB8050HP: 40-lead DIL; plastic (SOT-129). 


March 1985 35 


9€ 


= 
® 
s 
OQ 
> 
a 
© 
oO 
o1 


P27—P20 


: 
PORT 2 
BUS BUFFER 


PORT 2 LATCH HIGH 


(LOW 4) & | PORT 2 LATCH 
PROGRAM 
EXPANDER (HIGH 4) COUNTER 
PORT 1/0 (4) 
4 4 e 


+ BY 
3x5x32 


OSCILLATOR 
FREQUENCY ! 
TEST 1 


TIMER/ 
EVENT 


COUNTER 
{8} 


ACCUMULATOR TEMP. REG. FLAGS 
(8) (8) 
J L_. ARITHMETIC 
ACCUMULATOR LOGIC UNIT 
LATCH 


Vv, 
ata LC, £.5V MAIN SUPPLY 
Vv, 
t SS, Gnp 


CONTROL & TIMING 


EA XTAL1 XTAL2 ALE  PSEN 


TO INT RESET PROG 
©) 


| cPU/ 
TIMING INITIALIZE MEMORY PROGRAM 
OUTPUT SEPARATE ayes 
INTERRUPT | EXPANDER OSCILLATOR ie 
STROBE XTAL SINGLE STEP 


RESIDENT ROM 
1Kx8 


DECODE 


LOWER 


PROGRAM 


COUNTER 
(8) 


INSTRUCTION | 
REGISTER 


DECODER 


SS 


DB7—DBO 


EXPANSION TO 
MORE 1/0 & 
MEMORY 


BUS 
BUFFER 


BUS LATCHES 
& LOW PC 
TEMP. REG. 


PROGRAM 
' STATUS 


WORD 


PORT 1 
BUS 
BUFFER 
& 
LATCH 


P17—P10 


RAM 
ADDRESS 
REGISTER 


& 


8 LEVEL STACK 
(VARIABLE LENGTH) 


OPTIONAL SECOND 
REGISTER BANK 


CONDITIONAL 
BRANCH 
LOGIC 


TIMER 
FLAG 
SORRY DATA STORE 
+ ACC 
_ ACC BIT 
WR TEST 
RESIDENT RAM ARRAY 
64x8 
READ WRITE 72847271 


STROBES 


Fig. 1 Block diagram. 


<= 
> > 
WO 
Co 00 
oRe) 
as 
eRe) 
acy ee 
= 


This data sheet contains advance information and 


: MAF84XX 
specifications are subject to change without notice. Bus MAF84AXX 
aa FAMILY 


DEVELOPMENT DATA Fe MAB84xX 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 
The MAB84XX family of microcontrollers is fabricated in NMOS. The family consists of 8 devices: 
@ MAB8400 — 128 RAM bytes, external program memory 


@ MAB8401 = — like 8400 but with 8-bit LED-driver (10 mA), emulation of MAB/F 8422/42* 
possible 

@ MAB/F 8410 — 1K ROM/ 64 RAM bytes 

@e MAB/F 8420 — 2K ROM/ 64 RAM bytes 

@ MAB/F 8440 — 4K ROM/128 RAM bytes 

@ MAB/F 8421 — 2K ROM/ 64 RAM bytes plus 8-bit LED-driver 

@ MAB/F 8441 — 4K ROM/128 RAM bytes plus 8-bit LED-driver 

@ MAB/F 8461 — 6K ROM/128 RAM bytes plus 8-bit LED-driver 


Each version has 20 quasi-bidirectional I/O port lines, one serial |/O line, one single-level vectored 
interrupt, an 8-bit timer event counter and on-board clock oscillator and clock circuits. Two 20-pin 
versions, MAB/F 8422 and MAB/F 8442* are also available. 


This microcontroller family is designed to be an efficient controller as well as an arithmetic processor. 
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling 
abilities and facilities for both binary and BCD arithmetic. 


For detailed information see the ‘‘Users manual Single-chip microcomputer’’ (supplied upon request). 


* See data sheet on MAB/F 8422/42. 


Features 


8-bit: CPU, ROM, RAM and 1/O ina single 28-lead DIL package 
1K, 2K, 4K or 6K ROM bytes plus a ROM-less version 
64 or 128 RAM bytes 
20 quasi-bidirectional !/O port lines 
Two testable inputs: one of which can be used to detect zero cross-over, the other is also the 
external interrupt input 
Single level vectored interrupts: external, timer/event counter, serial |/O 
Serial 1/O that can be used in single or multi-master systems (serial |/O data via an existing port line 
and clock via a dedicated line) 
8-bit programmable timer/event counter 
Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
Single 5 V power supply (+ 10%) 
Operating temperature ranges: Oto+ 70°C MAB84XX_ family 
—40to+ 85°C MAF84XX __ family 
—40 to + 110 °C MAF84A XX family 


PACKAGE OUTLINES 


MAB8400/01B: 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top). 
MAB8400WP: 68-lead plastic leaded-chip-carrier (PLCC); SOT-188A. 
MAB8401WP: 68-lead plastic leaded-chip-carrier (PLCC); SOT-188A. 
MAB/F8410/20/21/40/41/61P: 28-lead DIL; plastic (SOT-117A). 
MAB8410/20/21/40/41T: 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


MAB8422/42 
MAF8422/42 
MAF84A22/A42 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


The MAB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory 
capacity and 1/O lines. This dedication means a microcontroller can be economically installed in 
high-volume products where its main function is control. 


The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the 
28 pin MAB8420/8440 microcontrollers. The versions are: 


® MAB8422 - 2K ROM/64 RAM bytes 
® MAB8442 - 4K ROM/128 RAM bytes 


Each version has 15 !/O port lines comprising one 8-bit parallel port (PO), one 2-bit parallel port (P10 
and P11 that are shared with the serial !/O lines SDA and SCL), one 3-bit parallel port (P20-P22) and 
two input lines (INT/TO and T1). 


The serial I/O interface is 1?C compatible and therefore the MAB8422/8442 can operate as a slave or a 
master in single and multi-master systems. Conversion from parallel to serial data when transmitting, 
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the 
serial |/O implemented. This hardware is controlled by the status of the SDA and SCL lines and can be 
read or written under software control. Standard software for |?C-bus control is available on request. 


Features 


8-bit: CPU, ROM, RAM and |/O 

20 pin package 

MAB8422: 2K ROM/64 RAM bytes 

MAB8442: 4K ROM/128 RAM bytes 

13 quasi-bidirectional |/O port lines 

Two testable inputs INT/TO and T1 

High current output on PO (Io, = 10 mAat Vo, =1V) 

One interrupt line combined with the testable input line INT/TO 

Single-level interrupts: external, timer/event counter, serial 1/O 

{?C-compatible serial |/O that can be used in single or multi-master systems (serial |/O data and clock 
via P10 and P11 port lines, respectively) 

8-bit programmable timer/event counter 

Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) 

All instructions 1 or 2 cycles, cycle time dependent on oscillator frequency 

Single 5 V power supply 

0 to 70 °C operating temperature range, also versions for —40 to 85 °C and —40 to 110 °C 


PACKAGE OUTLINES 


MAB/F8422/42P: 20-lead DIL; plastic (SOT-146). 
MAF84A22/A42P: 20-lead DIL; plastic (SOT-146). 
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Fig. 1 Block diagram of the MAB8422/8442. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PCB80C35/C39 
PCB80C48/C49 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER 


DESCRIPTION 


The PC80CXX family of single-chip 8-bit CMOS microcontrollers consists of: 

@ The PCB80C48 and PCB80C49 with resident mask programmed ROM. 

@ The PCB80C35 and PCB80C39 without resident program memory for use with external 
EPROM/ROM. 

All versions are pin and function compatible to their NMOS counter parts but with additional features 

and high performance. 


The PC80C XX family are designed to be efficient contro! processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual |/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 


An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 

The family has low power consumption and in addition a power-save is provided. 


FEATURES 


@ 8-bit CPU, ROM, RAM, I/O ina single 40-pin package 
e PCB80C48: 1K x 8 ROM, 64 x 8 RAM 

@ PCB80C49: 2K x 8 ROM, 128 x 8 RAM 

@ Internal counter/timer 

@ Internal oscillator, clock driver 

@ Single-level interrupts: external and counter/timer 

@ 17 internal registers: accumulator, 16 addressable registers 
@ Over 90 instructions: 70% single byte 

@ All instructions: 1 or 2 cycles 

@ Easily expandable memory and |/O 

@ TTL compatible inputs and outputs 

® Single 5 V supply 

@ Wide frequency operating range 

® Low current consumption 


APPLICATIONS 


@ Peripheral interfaces and controllers 
@ Test and measurement instruments 
@ Sequencers 

@ Audio/video systems 

@ Environmental control systems 

@ Modems and data enciphering 


PACKAGE OUTLINES 


PCB80C35/C39/C48/C49P: 40-lead DIL; plastic (SOT-129). 
PCB80C35/C39/C48/C49WP: 44-lead plastic leaded-chip-carrier (PLCC); SOT-187. 
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Fig. 1 Block diagram. 


PCF2100 


LCD DUPLEX DRIVER 


GENERAL DESCRIPTION 

The PCF2100 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal 
Display) with up to 40 segments in a duplex manner; specially for low voltage applications. A three- 
line bus structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS 
compatible. 


Features 

@ 40 LCD-segment drive capability ® Serial data input 

@ Supply voltage 2,25 t0 6,5 V @ CBUS control 

@ Low current consumption ® One-point built-in oscillator 


@ Expansion possibility 


i 40-SEGMENT LCD 


SEGMENT 
DRIVERS 


BACKPLANE & 


ANALOGUE 
VOLTAGE 


OSCILLATOR 
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Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF2100P: 28-lead DIL; plastic (SOT-117D). 
PCF2100T: 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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PCF2100 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage with respect to Vss Vpp —0,3to8 V 
Voltage on any pin Vn Vss —0,3 to Vpp + 0,3 V 
Operating ambient temperature range Tamb —40 to+85 °C 
Storage temperature range Tstg | —55 to+ 125 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 


CHARACTERISTICS 


Vpp = 2,25 to 6,5 V; Vss = 0 V; Tamb = —40 to + 85 OC; Ro = 1 MQ; Co = 680 pF; unless otherwise 
specified 


parameter 


ee 


no external load 


Supply current 


no external load; 
Tamb = —25 to + 85 PC 


see Fig. 8; T = 680 us 


Supply current 


Display frequency 


D.C. component 
of LCD drive 


Load on each segment 
driver 

Load on each backplane 

driver 


with respect to Vsx 


Input voltage HIGH 
Input voltage LOW 
Rise time 

Vp to Vsx 


see Fig. 9 


max. load 


Inputs CLB, DATA, DLEN 
Rise and fall times 

CLB pulse width HIGH 
CLB pulse width LOW 


see note on next page 


see Fig. 2 
see Fig. 2 
see Fig. 2 
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LCD duplex driver 


PCF2100 


CHARACTERISTICS (continued) 


parameter 
Data set-up time 
DATA —® CLB 


Data hold time 
DATA —®» CLB 
Enable set-up time 
DLEN —®* CLB 
Disable set-up time 
CLB —+®» DLEN 
Set-up time (load pulse) 
DLEN —» CLB 
Busy-time from load 
pulse to next start of 
transmission 


Set-up time (leading zero) 
DATA —® CLB 


Note 


see Fig. 2 
see Fig. 2 
see Fig. 2 
see Fig. 2 
see Fig. 2 
see Fig. 2 
see Fig. 2 


All timing values are referred to Vjy min and ViL max” (see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 9), the extra time constant has to be added. 


* With an input voltage swing of Vj, max— 0,1 V to Viemin + 0,1 V. 
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LCD duplex driver PCF2100 


CLB 1 
eltie2 8. 4 8 6 FB 20 21 22 {23 
test Jeading zero load pulse 
DATA x 
bitno. O 1 2 3 4 5 6 7 19 20 21 
output # Si S2 $3 S4 SS S6 S7 si9 s20 4 
leading zero load bit 
7283452.3 


Fig. 3 CBUS data format. 


Notes to Fig. 3 
An LCD segment is activated when the corresponding DATA-bit is HIGH. 


When DATA-bit 21 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 21 LOW, the B-latches 
(BP2) are loaded. 


CLB-pulse 23 transfers data from shift register to selected latches. 
The following tests are carried out by the bus control logic: 


a. Test on leading zero. 
b. Test on number of DATA-bits. 
c. Test of disturbed DLEN and DATA signals during transmission. 


If one of the test conditions is not fulfilled, no action follows the load conditions (load pulse width 
DLEN is LOW) and the driver is ready to receive new data. 
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PCF2100 


ae ee ee ee 
; es ee ee ee 
he ae ae ee 
_ RYO 
. Se 
PSE 
FREERES 
(ioe ae ae 
Lea a (oe eat 
5 ae ae 

0 2 4 6 8 


Fig. 4 Output resistance of backplane and 
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Fig. 6 Display frequency as a function of 
Ro X Co time; Tamb = 25 OC. 
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Fig. 5 Display frequency as a function of 
supply voltage; RoCy = 680 us. 

Tamb = —40 °C; — — — Tamb = + 25 °C; 
—+—+ Tamb = + 85 °C. 
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Fig. 7 Supply current as a function of 

supply voltage. 

Tamb = —40 °C; — — — Tamb = + 25 °C; 
—-+—+ Tamb = + 85 OC. 


LCD duplex driver PCF2100 


1/ficp |= 7284580.1 


Fig. 8 Timing diagram. 


BUS DRIVER PCF2100 


7283448.2P 


Fig. 9 Input circuitry. 


Note to Fig. 9 


Vgg line is common. In systems where it is expected that Vpp2 > Vpp 1 + 0,5 V, a resistor should be 
inserted to reduce the current flowing through the input protection. 
Maximum input current < 40 pA. 
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PCF2100 
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(1) In the slave mode, the serial resistors between BP1 and BP2 of the PCF2100 and the backplane of 
the LCD must be > 2,7 kQ. In most applications the resistance of the interconnection to the LCD 
already has a higher value. 


Fig. 10 Diagram showing expansion possibility. 


Note to Fig. 10 


By connecting OSC to Vsg the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF2111, PCF 2110 and PCF2100 ICs up to 
the BP drive capability of the master. 

PCF2111 is a64 LCD-segment driver. 

PCF2110 is a60 LCD-segment driver plus 2 LED driver outputs. 
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Fig. 11 Pinning diagram. 
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PCF 2110 


LCD DUPLEX DRIVER 


GENERAL DESCRIPTION 


The PCF2110 is a single chip, silicon gate CMOS circuit designed to drive 2 LEDs (Light Emitting 
Diodes) and an LCD (Liquid Crystal Display) with up to 60 segments in a duplex manner; specially 

for low voltage applications. A three-line bus structure enables serial data transfer with microcontrollers. 
All inputs are CMOS/NMOS compatible. 


Features 

@ 60 LCD-segment drive capability @ Serial data input 

@ Two LED-driver outputs @ CBUS control 

@® Supply voltage 2,25 to 6,5 V ® One-point built-in oscillator 
@ Low current consumption @ Expansion possibility 
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Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF2110P: 40-lead DIL; plastic (SOT-129). 
PCF2110T: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
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PCF2110 : 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage with respect to Vos Vpp —0,3to8 V 
Voltage on any pin Vn Vss —0,3 to Vpp + 0,3 V 
Operating ambient temperature range Tamb —40 to+85 °C 
Storage temperature range T stg —55 to+ 125 OC 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 
MOS devices’). 


CHARACTERISTICS 


~Vpp = 2,25 to 6,5 V; Vgs = OV; Tamb ~ = —40 to + 85 °C; Ry = 1 MQ; Co = 680 pF; unless otherwise 
specified 


as — oe Aa 


no external load 


Supply current 


no external load; 
Tamb = —25 to + 85 °C 


see Fig. 9; T = 680 us 


Supply current 


Display frequency 


D.C. component 
of LCD drive 


Load on each segment 
driver 


with respect to Vsx 


Load on each backplane 
driver 


Input voltage HIGH 


ee Fig. 10 
Input voltage LOW : = 


Rise time 
Vp to Vgx 
LED outputs S31, $32 


max. load 
Vop=3V; 
Tamb = 25 °C 
VoL = 0,2 V; see Fig. 4 
N-channel OFF 


maximum value 


Output resistance 
Drain voltage 


Drain current 


Total power dissipation 
Inputs CLB, DATA, DLEN 
Input capacitance 


see note on next page 


for SOT-129 package 
for SOT-158A package 


see Fig. 2 


Rise and fall times 
CLB pulse width HIGH 
CLB pulse width LOW 


see Fig. 2 
see Fig. 2 
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LCD duplex driver 


PCF2110 


CHARACTERISTICS (continued) 


parameter 
Data set-up time 
DATA —*» CLB 


Data hold time 
DATA —* CLB 


Enable set-up time 
DLEN —®» CLB 


Disable set-up time 
CLB —®» DLEN 
Set-up time (load pulse) 
DLEN —®» CLB 
Busy-time from load 
pulse to next start of 
transmission 
Set-up time (leading zero) 
DATA —+» CLB 


Note 


see Fig. 2 
see Fig. 2 
see Fig. 2 
see Fig. 2 


see Fig. 2 


see Fig. 2 


see Fig. 2 


All timing values are referred to Vjiy¥ min and Vi max "(see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 10), the extra time constant has to be added. 


* With an input voltage swing of Vi__ max—0,1 V to Vipmin + 0,1 V. 
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LCD duplex driver PCF 2110 
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LED outputs 
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Fig. 3 CBUS data format. 


Notes to Fig. 3 
An LCD segment is activated when the corresponding DATA-bit is HIGH. 


When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. Bits 31 and 32 contain the LED output 
information. With DATA-bit 33 LOW, the B-latches (BP2) are loaded and bits 31 and 32 are ignored. 
CLB-pulse 35 transfers data from shift register to selected latches. 

The following tests are carried out by the bus control logic: 

a. Test on leading zero. 

b. Test on number of DATA-bits. 

.c. Test of disturbed DLEN and DATA signals during transmission. 


If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with DLEN 
is LOW) and the driver is ready to receive new data. 
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Fig. 4 LED driver circuitry. 


July 1984 


57 


PCF2110 


i 
ae 
Ms 
NN 
= 
a 
fic 
pa 
= 
J 


Pa er 
BaREET ZCRREE 
Eee SLURS EER 


Fig. 5 Output resistance of backplane and 


segments, 
———— Tamb = —40 °C; — — — Tamb = + 25 °C; 
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Fig. 7 Display frequency as a function of 
Ro x Co time; Tamb = 25 PC. 
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Fig. 6 Display frequency as a function of 
supply voltage; RoCy = 680 us. 

Tamb = —40 °C; — — — Tamb = + 25 °C; 
—+—>+ Tamb = +85 PC. 
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Fig. 8 Supply current as a function of 

supply voltage. 

Tamb = —40 °C; — — — Tamb = + 25 °C; 
—-+—+ Tamb = +85 9C. 
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LCD duplex driver 


—! 1/ficp |= 7284580.1 


Fig. 9 Timing diagram. 


BUS DRIVER PCF2110 


72Z83448.2 
Fig. 10 Input circuitry. 


Note to Fig. 10 
Vsg line is common. In systems where it is expected that Vpp2 > Vpp + 0,5 V, a resistor should 


be inserted to reduce the current flowing through the input protection. 
Maximum input current < 40 pA. 
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PCF2110 | 


BP1 BP2 Si toS30 


Vpp 


BP1 BP2 S1toS30 BP1 BP2 S1toS30 


DLEN DLEN 


CLB 
DATA 


DLEN 


OSC 
CLB) PCF2110 


DATA 


OSC 
CLB  PCF2110 


DATA 


PCF2110 


MASTER SLAVE2 Vgc 


DATA 
CLB Pea aera ee ee ee 
DLEN1 
DLEN2 3 
DLEN3 7283450.3 


(1) In the slave mode, the serial resistors between BP1 and BP2 of the PCF2110 and the backplane of the 
LCD must be > 2,7 kQ.. In most applications the resistance of the interconnection to the LCD already 
has a higher value. 


Fig. 11 Diagram showing expansion possibility. 


Note to Fig. 11 


By connecting OSC to Vss the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF 2100, PCF 2110 and PCF2111 ICs up to the 
BP drive capability of the master. 

PCF2100 is a 40 LCD-segment driver. 

PCF2111 is a64 LCD-segment driver. 
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LCD duplex driver 


PCF2110P S15 


(SOT-129) 


$25 


7283445.3 


Fig. 12 Pinning diagram for SOT-129 package. 


PINNING 
Supply 

11 Vpp 
13. Vss 
Inputs 

12 OSC 

8 DATA 
9 DLEN 
10 CLB 
Outputs 

7 BPI | 
6 BP2 | 
S1 to S30 
S31, S32 


PCF2110 


Positive supply 
Negative supply 


Oscillator input 

Data line | 

Data line enable . CBUS 
Clock burst | 


Backplane drivers (common of 
LCD) 


LCD driver outputs 
LED driver outputs 
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PCF2110 


PCF2110T 


(SOT -158) 


PINNING 
Supply 
2 Vpp 


Outputs 


38 BPI | 
37 BP2 | 


S1 to S30 
S31, S32 


Fig. 13 Pinning diagram for VSO-40; SOT-158A package. 


July 1984 


Positive supply 
Negative supply 


Oscillator input 

Data line 

Data line enable CBUS 
Clock burst 


Backplane drivers (common of 
LCD) 


LCD driver outputs 
LED driver outputs 


PCF2111 


LCD DUPLEX DRIVER 


GENERAL DESCRIPTION 


The PCF2111 is asingle chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal 
Display) with up to 64 segments in a duplex manner; specially for low voltage applications. A three-line 
bus structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS compatible. 


Features 


@ 64 LCD-segment drive capability 
Supply voltage 2,25 to 6,5 V 
Low current consumption 

Serial data input 

CBUS control 

One-point built-in oscillator 
Expansion possiblity 


i 64-SEGMENT LCD 


SEGMENT 
DRIVERS 


ANALOGUE 
BACKPLANE & VOLTAGE 


DLEN ae OSCILLATOR pF 
or DRIVER S 
DATA CONTROL es 

eer 1MaQ 

SHIFT 
PCF 2111 
REGISTER c 
7284581.2 


Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF2111P: 40-lead DIL; plastic (SOT-129). 
PCF2111T: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
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PCF 2111 | 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage with respect to Vss VppD —0,3to8 V 
Voltage on any pin Vn Vss —0,3 to Vpp + 0,3 V 
Operating ambient temperature range Tamb —40 to+ 85 °C 
Storage temperature range T stg —55 to +125 °C 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 


CHARACTERISTICS 


Vpp = 2,25 to 6,5 V; Vs = 0 V; Tamb = —40 to + 85 OC; Rg = 1 MQ; Cy = 680 pF; unless otherwise 
specified 


= _ eee 
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Supply current 
Supply current 


Display frequency 


D.C. component 
of LCD drive 


Load on each segment 
driver 


Load on each backplane 
driver 


Input voltage HIGH 
Input voltage LOW 
Rise time 

Vp to Vsx 


Inputs CLB, DATA, DLEN 


Input capacitance 


Rise and fall times 
CLB pulse width HIGH 
CLB pulse width LOW 
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no external load 


no external load; 


see Fig. 8; T = 680 us 


with respect to Vsx 


see Fig. 9 


max. load 


see note on next page 


for SOT-129 package 
for SOT-158A package 


see Fig. 2 
see Fig. 2 
see Fig. 2 


LCD duplex driver PCF2111 


CHARACTERISTICS (continued) 


Cowen —————emaon [ot [ min om [rm [oi 


Data set-up time 
DATA —®» CLB see Fig. 2 


Data hold time 
DATA —+» CLB see Fig. 2 


Enable set-up time 
DLEN —®» CLB see Fig. 2 


Disable set-up time 
CLB —®» DLEN see Fig. 2 


Set-up time (load pulse) 
DLEN —» CLB see Fig. 2 


Busy-time from load 
pulse to next start of 
transmission see Fig. 2 


Set-up time (leading zero) 
DATA —®» CLB see Fig. 2 


Note 


All timing values are referred to VjyH min and ViL max” (see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 9), the extra time constant has to be added. 


* With an input voltage swing of Vi_ max—0,1 V to Vipmin + 0,1 V. 
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PCF2111 


d°S620622 


asind advo 


31avsid 


Lig avo 


‘Bulli Sngo z ‘Big 


LS ViVG OY¥3Z ONIAVS1 
<— IM, >) [<< HM | p< TM 
<«Z1NS; > 
N3NS, <_ 


~<«— VGGH,; —»; }«— Vans, <—_» 
iy vadH, 


N3a1qd 


JTEVNA 
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LCD duplex driver PCF2111 


CLB a 
Sip. |_ 2 3 4 5 6 7 8 32 33 34 + 35 
test leading zero load pulse 
bitnen 0 4° 2 & 4 5 6 7 £454 32 33 
output 4 S1 S2 $3 S4 S5 S6 S7 S31 $32 ( 
leading zero load bit 
7Z83444.3P 


Fig. 3 CBUS data format. 


Notes to Fig. 3 


An LCD segment is activated when the corresponding DATA-bit is HIGH. 
When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-latches 
(BP2) are loaded. CLB-pulse 35 transfers data from shift register to selected latches. 


The following tests are carried out by the bus control logic: 


a. Test on leading zero. 

b. Test on number of DATA-bits. 

c. Test of disturbed DLEN and DATA signals during transmission. 

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with DLEN 
is LOW) and the driver is ready to receive new data. 
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PCF2111 


Fig. 4 Output resistance of backplane and 
segments. 


Sees Te 1 S85 OC: 


__ 7282808.1 


0 400 800 1200 1600 
RCo (HS) 


Fig. 6 Display frequency as a function of 
Ro X Cg time; Tamb = 25 9C. 
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Fig. 5 Display frequency as a function of 
supply voltage; RoCy = 680 us. 


. —+—+ Tamb = +85 OC. 


Fig. 7 Supply current as a function of 

supply voltage. 

Tamb = —40 °C; — — — Tamb = +25 OC; 
—+—-+ Tamb = +85 OC. 


LCD duplex driver PCF2111 


—| 1/fiep |< 7284580.1 


Fig. 8 Timing diagram. 


BUS DRIVER PCF2111 


7Z83448.20 


Fig.9 Input circuitry. 


Note to Fig. 9 


Vss line is common. In systems where it is expected that Vpp2 > Vpp1 + 0,5 V, a resistor should 
be inserted to reduce the current flowing through the input protection. 
Maximum input current < 40 yA. 
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PCF 2111 


16-DIGIT PLUS 16 DECIMAL POINTS LCD 
LC7020160—400 


BP1 BP2 S1toS$32 BP1BP2 S1toS32 


Vop 


DLEN 
CLB 


DLEN 
CLB PCF2111 


OSC OSC 


PCF2111 


DATA 


MASTER 


Vss 


DATA 
CLB 
DLEN1 
DLEN2 


7Z84579.4 


(1) In the slave mode, the serial resistors between BP1 and BP2 of the PCF2111 and the backplane of 
the LCD must be > 2,7 kQ. In most applications the resistance of the interconnection to the LCD 
already has a higher value. 


Fig. 10 Diagram showing expansion possibility for a 16-digit plus 16 decimal points LCD. 


Note to Fig. 10 


By connecting OSC to Vsg the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF 2111, PCF2110 and PCF2100 ICs up to 
the BP drive capability of the master. ; 


PCF2100 is a 40 LCD-segment driver; PCF2110 is a 60 LCD-segment driver plus 2 LED driver outputs. 
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LCD duplex driver 


140| DLEN 


DATA 


PCF2111 


7282806.2P 


Fig. 11 Pinning diagram. 


PINNING 
Supply 

2 Vpp 
4 Vss 
Inputs 

3 OSC 
39 DATA 
40 DLEN 
1 CLB 
Outputs 
38 BPI | 
37. BP2 | 
$1 to $32 


PCF21n 


Positive supply 
Negative supply 


Oscillator input 
Data line 
Data line enable 

Clock burst 


CBUS 


Backplane drivers (common of 
LCD) 


LCD driver outputs 
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LCD DRIVER 


GENERAL DESCRIPTION 


PCF2112 


The PCF2112 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal 
Display) with up to 32 segments in direct drive; specially for low voltage applications. A three-line bus 
structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS compatible. 


Features 


@ 32 LCD-segment drive capability. 
@ Supply voltage 2,25 to6,5 V. 

@ Low current consumption. 

@ Serial data input. 

@ CBUS control. 

@ One-point built-in oscillator. 

® Expansion possibility. 


32-SEGMENT LCD 


SEGMENT 
DRIVERS 


ANALOGUE 
BACKPLANE & VOLTAGE 


DLEN EAH Geena 1,5nF eS 
one DRIVER = 
DATA CONTROL eee 
cart ce 1MQ 
SHIFT 
7Z286381.2 
Fig. 1 Block diagram. 
PACKAGE OUTLINES 
PCF2112P : 40-lead DIL; plastic (SOT-129). 
PCF2112T: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
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PCF2112 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage with respect to Vss Vpp —0,3to8 V 
Voltage on any pin Vn Vss—0,3 to Vpp + 0,3 V 
Operating ambient temperature range Tamb —40 to +85 °C 
Storage temperature range T stg —55 to+ 125 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 


CHARACTERISTICS 


Vpp = 2,25 to 6,5 V; Vss = 0 V; Tamb = —40 to + 85 PC; Ro = 1 MQ; Cy = 1,5 nF; unless otherwise 
specified. 


Siesivies current no external load — uA 
Supply current no external load; 
Tamb =—25to+85°9C| Ipp = LA 
Display frequency T= 1,5 ms fLeD 30 Hz 
Output resistance 
of each segment | ee Re — kX 
Output resistance 2 . 
of backplane | Rep _ kQ 
Input voltage HIGH ; Vi 2 V 
see Fig. 8 | : 
Input voltage LOW VIL _ V 
Inputs CLB,DATA,DLEN see note on next page 
Input capacitance for SOT-129 package Cin — pF 
for SOT-158A package| Cyj — pF 
Rise and fall times see Fig. 2 t, te - Us 
CLB pulse width HIGH see Fig. 2 tWH 1 bs 
- CLB pulse width LOW see Fig. 2 twee 9 Ms 
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LCD driver PCF2N2 


CHARACTERISTICS (continued) 


Data set-up time 
DATA —® CLB see Fig. 


Data hold time 
DATA —+® CLB see Fig. 


Enable set-up time 
DLEN —®» CLB see Fig. 


Disable set-up time 
CLB —e DLEN see Fig. 


Set-up time (load pulse) 
DLEN —+» CLB see Fig. 


Busy-time from load 
pulse to next start of 
transmission see Fig. 


Set-up time (leading zero) 
DATA —® CLB see Fig. 


Note 


All timing values are referred to Vi Hmin and Vi t_max’ (see Fig. 2). If external resistors are used inthe «<— 
bus lines (see Fig. 8), an extra time constant has to be added. 


* With an input voltage swing of Vj) max—0,1 V to Vipmin + 0,1 V. 
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PCF2112 


9620622 


asind avo 


a1gvsia 


‘Buin SNgO Z ‘Bld 


Lig avo 


ls viva OY¥3Z ONIGVST 


<— TM, —>| |< HM, | «+ — 1M, — 


~«— VGGH,; —», ;<—VQGNS, <__—_> #Z1NS; > 
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LCD driver PCF2112 


Lge. Je 9g 5 6 7 8 32 33 34 135 
test leading zero load pulse 
btn O° | SO A eB BD. 38 
output 4 Si $2 $3 S4 S5 S6 S7 $31 $32 ‘ 
leading zero load bit 
7Z83444.3P 


Fig. 3 Data format. 


Notes to Fig. 3 


An LCD segment is activated when the corresponding DATA-bit is HIGH. 
When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from shift register to 
latches. 


The following tests are carried out by the bus control logic: 


a. Test on leading zero. 
b. Test on number of DATA-bits. 
c. Test of disturbed DLEN and DATA signals during transmission. 


If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with 
DLEN is LOW) and the driver is ready to receive new data. 


July 1984 


<<. 


77 


PCF2112 


Eee OL 
tt TEE TTT TY, 
RG SR 
{sy EE 
TE ETT TT Ty 
BERLE EREEE 
LTTE TTT TT Ty 
Lit Ti iid. 


7Z86696 


Vpop (V) 


Fig. 5 Display frequency as a function of 


supply voltage; RoCy = 1,5 ms. 


Fig. 4 Output resistance of backplane and 


segments. 


+ 25 °C: 


+ 85 OC, 


Tamb = —40 °C; — — — Tamb 


—-+— Tamb 


+25 9C: 


Tamb = —40 °C; — — — Tamb 
—+— Tamb = + 85 °C. 


1600 


Ree (us) 


ETT TT TTT 
RRERRRRES GE. 
Hs 


Fig. 7 Supply current as a function of 


supply voltage. 


Fig. 6 Display frequency as a function of 


= 25 9C, 


Ro x Co time; Tamb 


+25 °C: 


Tamb = —40 °C; — — — Tamb 
= + 85 OC 


—+— Tamb 


Lx 
fee) 
o 
inti 
= 
3 
or) 


LCD driver PCF21N12 


BUS DRIVER PCF2112 


7Z83448.2R 
Fig. 8 Input circuitry. 


Note to Fig. 8 

Vg line is common. In systems where it is expected that Vpp2 > Vpp 1 + 0,5 V, a resistor should 
be inserted to reduce the current flowing through the input protection. 

Maximum input current < 40 pA. 


BP $1 to $32 


BP 


S1 to $32 
Vopb 


DLEN 
CLB 


DLEN 
CLR PCF2112 OSC 


PCF2112 OSC 


DATA 


DATA 


MASTER SLAVE 


Vss 


7Z86380.2 


(1) In the slave mode, the serial resistor between BP of the PCF2112 and the backplane of the LCD << 
must be > 2,7 kQ.. In most applications the resistance of the interconnection to the LCD already 
has a higher value. 


Fig. 9 Diagram showing expansion possibility for an 8-digit plus 8 decimal points LCD. 


Note to Fig. 9 


By connecting OSC to Vgg the BP-pin becomes input and generates signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF2112 ICs up to the BP drive capability 
of the master. 
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PCF 2112 


PCF 2112 


$17 


72Z86379.1 


DATA 


Fig. 10 Pinning diagram. 
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PINNING 
Supply 

2 VppD 
4 Vss 
Inputs 

3 OSC 
39 DATA 
40 DLEN 
1 CLB 
Outputs 

38 BP 

S1 to $32 

3/7 n.c. 


Positive supply 
Negative supply 


Oscillator input 


Data line | 
Data line enable CBUS 
Clock burst 


Back plane driver (common 
of LCD) 


LCD driver outputs 
not connected 


DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


CLOCK/CALENDAR WITH SERIAL I/O 


GENERAL DESCRIPTION 


PCF8573 


The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter IC (12C) bus-oriented microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NODA, are also available. Information is transferred serially via 
a two line bidirectional bus (1?C). Back-up for the clock during supply interruptions is provided by a 
1,2 V nickel cadmium battery. The time base is generated from a 32,768 kHz crvstal-controlled 


oscillator. 


Features 


@ Serial input/output bus (12C) interface for minutes, hours, days and months 
Additional pulse outputs for seconds and minutes 

Alarm register for presetting a time for alarm or remote switching functions 
Battery back-up for clock function during supply interruption 

Crystal oscillator control (32,768 kHz) 


QUICK REFERENCE DATA 


Supply voltage range (clock) Vpp-Vss1 
Supply voltage range (1?C interface) Vpp-Vss2 
Crystal oscillator frequency fose typ. 
PACKAGE OUTLINES 


PCF8573P: 16-lead DIL; plastic (SOT-38). 
PCF8573T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 


1,1 to 6,0 V 
2,5to 6,0 V 
32,768 kHz 
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PCF8573 > 


FSET MIN SEC Vop 


10 
+ 
1,5V 
POWER-ON 
RESET Vv 
LS SS1 


TIME COUNTER 


32,768 kz 
OSCO 


SECONDS 
COUNTER 


PRESCALER 


aca 13 | OSCILLATOR ae 


OSCI 


DAYS —> 
MINUTES —* HOURS —» DATE <— 


3 

| COMPARATOR is COMP 
12 

ALARM REGISTER | LS TEST 


MONTHS 


2c 
BUS 
CONTROL 


LEVEL SHIFTER PCF8573 
7Z86691.1 
AO Al 
Fig. 1 Block diagram. 
PINNING 
1 AO address input 
2 Al address input 
3 COMP comparator output 
4 SDA serial dataline | |, 
5 SCL serial clock line J ' © bus 
6 EXTPF enable power fail flag input 
7 PFIN power fail flag input 
peeeeaar 8 Vsso negative supply 2 (1?C interface) 
9 MIN one pulse per minute output 
10 SEC one pulse per second output 
11 FSET oscillator tuning output 
12 TEST test input; must be connected 
to Vssg when not in use 
13 OSCI oscillator input 
reRDBeSy 14 OSCO oscillator input/output 

Fig. 2 Pinning diagram. 15 Vssi negative supply 1 (clock) 

16 Vpp common positive supply 
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DEVELOPMENT DATA 


Clock/calendar with serial 1/O PCF8573 


FUNCTIONAL DESCRIPTION 
Oscillator 


The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32,768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSCI and Vpp. 


Prescaler and time counter 


The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the IC bus. The mark-to-space ratio of both signals is 1 : 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 


Table 1 Cycle length of the time counter 
number counting carry for content of 


of bits cycle following month 
unit counter 


minutes 00 to 59 59 —» 00 
hours 00 to 23 23 — 00 


days 01 to 28 28 —+ 01 
or 29 —> 01 
01 to 30 30 —+>01 4,6, 9, 11 
01 to 31 31—» 01 1, 3, 5, 7, 8, 10, 12 
01 to 12 | 12 —»01 


2 (see note) 


Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 


Alarm register 


The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the !?C bus. 


Comparator 


The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the I?C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the |?C bus, but it is undefined until 
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
I7C bus. 
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PCF8573 


FUNCTIONAL DESCRIPTION (continued) 
Power on/power fail detection 


If the voltage Vpp—Vss] falls below a certain value the operation of the clock becomes undefined. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 

The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (Vpp—Vss7) greater than V7}44, or by an externally generated power fail signal for application 
with (Vpp—Vss7) less than V7}44. The external signal must be applied to the input PFIN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 

can be selected by input EXTPF as shown in Table 2. 


Table 2 Power fail selection 


function 


power fail is sensed internally 
test mode 

power fail is sensed externally 
no power fail sensed 


O : connected to Vgs7 (LOW) 
1 : connected to Vpp (HIGH) 


The external power fail control operates by absence of the Vpp—Vss@ supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of Vpp—Vss1. A LOW level at PFIN 
indicates a power fail. POWF is readable via the |2C bus. A power on reset for the !7C bus control is 
generated on-chip when the supply voltage Vpp—Vssq is less than V7}. 


Interface level shifters 


The level shifters adjust the 5 V operating voltage (Vpp—VssQ) of the microcontroller to the internal 
supply voltage (Vpp—Vss7) of the clock/calendar. The oscillator and counter are not influenced by 
the Vpp—Vssg2 supply voltage. If the voltage Vpp—Vsso is absent (Vsso = Vpp) the output signal 
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vsso and the Vpp—Vss1 
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage Vpp—Vss? = 0. 
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Clock/calendar with serial 1/O | PCF8573 


CHARACTERISTICS OF THE I’?C BUS 


The |2C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer (see Fig. 3) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| ; 

| data line | change 

| stable: | of data 

| data valid | allowed 7287019 


< Fig. 3 Bit transfer. 
<x 
= Start and stop conditions (see Fig. 4) 
a Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 
S data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
rs) the data line while the clock is HIGH is defined as the stop condition (P). 
i 
: = e 
SDA SDA 
Io ie r | 
SCL | | | | SCL 
[ see 4 f p | 
| | | | 
Leos Gere cl a | 
start condition stop condition 


7287005 
Fig. 4 Definition of start and stop conditions. 


System configuration (see Fig. 5) 


A device generating a message is a ‘’transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER ae MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER / 
RECEIVER REee En RECEIVER TRANSMITTER RECEIVER 


7287004 
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Fig. 5 System configuration. 
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PCF8573 


CHARACTERISTICS OF THE I°C bus (continued) 
Acknowledge (see Fig. 6) 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 


start clock pulse for 
condition acknowledgement 
I 


| ' 
SCL FROM 
MASTER | : 2. _f ef e\. 


DATA OUTPUT | at 
BY TRANSMITTER | 
| ee 
S 
DATA OUTPUT = 
BY RECEIVER 


7Z87007 
Fig. 6 Acknowledgement on the I?C bus. 


Timing specifications 


Within the |?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8573 
operates in both modes and the timing requirements are as follows: 


High-speed mode 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 7. 


SDA 


<— tBUF 


SCL 
—>! tHD;sTA l<— =e. |= —Pl tHiGH 
tp —> << | << 
THD; DAT tsu;DAT 
SDA 
7Z87013.1 See a a a —— 
'SU;STA tsu;STO 


Fig. 7 Timing of the high-speed mode. 
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Where: 
tBUF 


tHD: STA 
tLOWmin 

THIGHmin 
ISU: STA 

THD; DAT 
tsU; DAT 
tR 

tr 

tsuU; STO 


Note 


t 2 tLOWmin 


t 2 tHIGHmin 
4,7 us 
4 us 


t 2 tLOWmin 


ot 


VA KW 


V 
fo) 
5 


1 ps 


PCF8573 


The minimum time the bus must be free before a new 
transmission can start 


Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 
Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 


All the values refer to Vj}4 and Vj, levels with a voltage swing of Vpp to Vsso. 


sca = Aaa eee ante et tnhid Nib eee, 


ey Ee seat ty = 
START ADDRESS R/W 


CONDITION 


Where: 


Clock tLowmin 
tHIGHmin 


ACK 


LJ J Lt 
DATA ACK START ADDRESS R/W ACK STOP 
CONDITION 7287014 


Fig. 8 Complete data transfer in the high-speed mode. 


4,7 us 
4 ps 


The dashed line is the acknowledgement of the receiver 


Mark-to-space ratio 
Max. number of bytes 


Premature termination of transfer 


Acknowledge clock bit 


1: 1 (LOW-to-HIGH) 


unrestricted 
allowed by generation of STOP condition 
must be provided by the master 
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CHARACTERISTICS OF THE I’C BUS (continued) 
Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 


88 


timing is shown in Fig. 9. 


-—— 


SDA 
~<— tBUF > 
SCL 
— >! THD;STA <— | ee HIGH eee ee ee ep AT 
tr aes Pare 
HD ;DAT 
SDA 
7Z87015.1 el feipera — — 
SU:STO 
Fig. 9 Timing of the low-speed mode. 

Where: 
tBUF t > 105 us (t, QWmin) 
tHD; STA t > 365 us (tyiGHmin) 
tLow 130 ys + 25 us 
tHIGH 390 us + 25 us 
tSU; STA 130 ws + 25 us* 
tHD; DAT t>Ous 
tSU: DAT t 2 250 ns 
tr t<1us 
te t <300 ns 
tSU: STO 130 us + 25 us 
Note 


All the values refer to Vip and V1, levels with a voltage swing of Vpp to Vssp, for definitions see 


high-speed mode. 


* Only valid for repeated start code. 
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[ eee | as | | Ena Ei Sen — 


START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE START CONDITION 
CONDITION 7Z87016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock tLOWmin 130 us + 25 us 
tuiGHmin 390 ys + 25 us 
Mark-to-space ratio 1: 3 (LOW-to-H!GH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the I?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 


DEVELOPMENT DATA 
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ADDRESSING 


Before any data is transmitted on the |?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 
The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig. 11. 
MSB LSB 
ee a eee jaw 
7286686 


Fig. 11 Slave address. 


The subaddress bits AO and A1 correspond to the two hardware address pins AO and A171 which allows 
the device to have 1 of 4 different addresses. 


Clock/calendar READ/WRITE cycles 


The 1?C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12 
and Fig. 13. | 


acknowledge acknowledge acknowledge 
from slave from slave from slave 
R/Wy | MSB LSB \ 


CLOCK/CALENDAR 
| n bytes 
(n=0,1,2,...) 


auto increment 


7286687 


Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 


The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONT ROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 
function 


execute address 
read control/status flags 


reset prescaler, including seconds counter; without carry for minute counter 
time adjust, with carry for minute counter (see note) 

reset NODA flag 

set NODA flag 

reset COMP flag 


Note 


If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30s. 


Table 4 ADDRESS-nibble 


Ea oc 


time counter hours 
time counter minutes 
time counter days 
time counter months 
alarm register hours 
alarm register minutes 
alarm register days 
alarm register months 


oooqooo0o0o°o 2 


=--00--00 
= 0O0O- O = O = O 


At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONT ROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 


Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 


Table 5 Placement of BCD digits in the DATA byte 


minutes 
days 


Where ‘‘X”’ is the don’t care bit and ‘’D” is the data bit. 
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6. 
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K 
rot) 
a 
c 
rT) 
—“ 

< 
— 
© 
oO 
o1 


acknowledge acknowledge acknowledge acknowledge (1) 
al slave a slave from slave from master no acknowledge 
R/w | R/W > MSB LSB MSB LSB i 


CLOCK/CALENDAR Se eee 


. : 
at this moment master (n-1) bytes a nth byte ——~| 
transmitter becomes. 
master receiver and 


CLOCK/CALENDAR 
becomes slave transmitter auto increment auto increment 
of B1, BO of B1, BO seen 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 


To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in the 
DATA byte are organized as shown in Table 7. 


acknowledge acknowledge 
2 slave from master (1) 
R/WY MSB LSB | 


BGe22 ai 00NeecCOeN 
ADDRESS 
1 
I { 
a n bytes ———»l 


auto increment 
of B1, BO 7Z86689 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 14 Master reads clock/calendar immediately after first byte. 


The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER condition 
occurs. 


€LS840d 
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ADDRESSING (continued) 
Table 6 Slave receiver acknowledgement 


acknowledge on byte 


mode pointer address | mode pointer | data 


x-O-0-0-00 e) 


“x-Se--00000 
KKK KKK KK RO 
KKK KKK KKKK | O 


“~Oo0o0o0000000 = 
@) 
NO 
x- - OO-]-000 
ome 


xxxx«xxK«K KKK OS 
xxxxxxxxx& 


Where ‘‘X”’ is the don’t care bit. 
Table 7 Organization of the BCD digits in the DATA byte 


LSB 


hours 
minutes 
days 
months 


control/status flags 


Where: ‘‘D”’ is the data bit. 
* = minutes. 


** = seconds. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage ranges Vpp-Vss1 —0,3to+8 V 
Vpp-—Vss2 —0,3to+8 V 
Voltage on pins 4 and 5 Vss2—0,8 to Vpp + 0,8 V* 
Voltage on pins 6, 7, 13 and 14 Vss1—0,6 to Vpp + 0,6 V 
Voltage on any other pin Vss2—0,6 to Vpp + 0,6 V 
Input current I max. 10 mA 
Output current lo max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —40 to+ 85 9C 
Storage temperature range Tstg —55 to+ 125 °C . 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


* {mpedance min. 500 22. 
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CHARACTERISTICS 
Vss2 = 0 V; Tamb = —40 to + 85 OC unless otherwise specified. Typical values at Tap = + 25 OC 


CC 


Supply 
Supply voltage (IC interface) Vpp-—Vssz2 | 2,5 6,0 
Supply voltage (clock) Vpp—-Vss1 | 1,1 (Vpp-—Vss2) 
Supply current Vssq 
at Vpp—Vss1 = 1,5 V —Iss — 3 10 
at Vpp—Vss1 =5 V —Iss1 i 50 


Supply current Vss9 
at Vpp—Vss2 =5 V 
(Iq =O mA on all outputs) —Igs9 a 


Inputs SCL, SDA, AO, A1, TEST 


Input voltage HIGH Vin 0,7x Vpp 

Input voltage LOW VIL - 
< Input leakage current 
y; at V; = Vss2 to Vpp + — 
Q 
5 inputs EXTPF, PFIN 
= Input voltage HIGH Vin-Vss1 | 9,7 x (Vpp—Vss7) cas 
0 Input voltage LOW Vit-Vss1 | 0 0,3 x (Vpp—Vss1) 
> Input leakage current 
Lu at Vj = Vss1 to Vpp +1 _ 1 
- at Tamb = 25 OC; 


Vi = Vss1 to Vpp ay — 0,1 


Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 


Output voltage HIGH 
at Vpp—Vsso = 2,5 V; 


—l9 =0,1 mA VOH Vpp—0,4 
at Vpp—Vssa2 = 4 to 6 V; 
—l9g =0,5 mA VOH Vpp—0,4 


Output voltage LOW 
at Vpp—Vssoa = 2,5 V; 


19 = 0,3 mA VOL _ 
at Vpp—Vssa2 = 4 to6 V; 
lo = 1,6 mA VOL — 
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CHARACTERISTICS (continued) 
parameter 


Output SDA 
(N-channel open drain) 


Output “ON”: lo =3 mA 
at Vpp—Vsso2 = 2,5 to 6 V 


Output “OFF” (leakage current) 
at Vpp—Vss2=6V; Vo =6V 


Internal threshold voltage 
Power failure detection 


Power “‘ON” reset 
at Vsc_ = VSDA = VDD 


Rise and fall times of input signals 
Input EXTPF 
Input PFIN 


Input signals except EXTPF and PFIN 
between Vj; and Vj)q levels 
rise time 


fall time 


Frequency at SCL 

at Vpp—Vss2 =4to6V . 
Pulse width LOW (see Figs 7 and 9) 
Pulse width HIGH (see Figs 7 and 9) 


Noise suppression time constant 
at SCL and SDA input 


Input capacitance (SCL, SDA) 


Oscillator 
Integrated oscillator capacitance 
Oscillator feedback resistance 


Oscillator stability for: 
A(Vpp—Vss1) = 100 mV 
at Vpp—Vss1 = 1,55 V; 
Tamb = 25 9C 


Quartz crystal parameters 
Frequency = 32,768 kHz 
Series resistance 

Parallel capacitance 


Trimmer capacitance 
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Purchase of Philips’ 1?C components conveys a license under the 
Philips’ 12C patent to use the components in the I?C-system 
provided the system conforms to the |?C specifications defined 
by Philips. 


DEVELOPMENT DATA 
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APPLICATION INFORMATION 


Vop 
PCD8571 


R: pull-up resistor “tt = 
SDA 


MASTER DEVICE 


Pall MICROCONTROLLER 


128 x 8 BIT STATIC CMOS RAM 


(\~ 


64 LCD 


SEGMENT DRIVER 


PCF 8573 


A1 Yss2 TEST Vss1 


: f roy _|+ 8 DIGIT LCD 


(NiCa) 
Rep: resistor f 
detection circuit ch : resistor for [ 
with very high permanent charging 
impedance : 
7286688.2 
[2 bus 


Fig. 15 Application example of the PCF8573 clock/calendar. 


+5V 


SDA 
SCL 


SCL SDA Vpp SCL SDA Vpp | 


AO 


OSC! 
PCF 8573 
TEST 


PFIN 


EXTPF 
Vsgs2 


MASTER 
MICRO - 
CONTROLLER 


PCD8571 


OScO 


Vss 


Vss1 Vss 


“4 7 7 7 1287945 


Fig. 16 Application example of the PCF8573 with common Vsgq and Vso supply. 
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PNA7507 
PNA7507A 


specifications are subject to change without notice. 


7-BIT ANALOGUE-TO-DIGITAL CONVERTER (ADC 7) 


GENERAL DESCRIPTION 


The PNA7507, PNA7507A are monolithic NMOS 7-bit analogue-to-digital converters (ADC) designed 
for video applications. The difference between the two versions is the linearity. The device converts 
the analogue input signal into 7-bit binary coded digital words at a sampling rate of 15 MHz. 


The circuit comprises 129 comparators, a reference resistor chain, transcoder stages, and TTL output 
buffers which are positive edge triggered. The digital output is selectable in two’s complement or 
binary coding. 


The use of separate outputs for overflow and underflow detection facilitates full-scale driving. 


Features Applications 

@ 7-bit resolution @ High-speed A/D conversion 
@ Digitizing rates up to 15 MHz @ Video signal digitizing 

@ No external sample and hold required @ Radar pulse analysis 

@ High input impedance ® Transient signal analysis 

® Binary or two’s complement TTL outputs @ High energy physics research 
@ Overflow and underflow outputs 

@ Low reference current (200 vA typ.) 

@ Positive supply voltages (+ 5 V/+ 12 V) 

@ Low power consumption (350 mW typ.) 

@ Standard 24 pin package 


QUICK REFERENCE DATA 


Supply voltage range (pins 3, 12, 23) Vpop 4,75to 5,25 V 


Supply voltage range (pin 24) VppD 11,4to 12,6 V 
Supply current (pins 3, 12, 23) lIpp typ. 40 mA 
Supply current (pin 24) IDD typ. 12 mA 
Reference voltage LOW (pin 20) VrefL. min. 2,4 V 
Reference voltage HIGH (pin 4) VrefH max. 5,2 V 
PNA7507 

Linearity (+ 0,4% full scale) + 1/2 LSB 
PNA7507A 

Linearity (+ 0,5% full scale) + 2/3 LSB 
Bandwidth (—3 dB) B min. 6 MHz 
Clock frequency fcLK max. 15 MHz 


Total power dissipation Prot typ. 350 mW 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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PNA7507 
PNA7507A 


reference 
voltage 15 MHz select 
HIGH clock input two's complement 
(Vref H) (foLk) (STC) 


overflow 


bit 6 


bit 5 


bit 4 


digital 
voltage 
outputs 


(Vo) 


bit 3 


bit 2 


bit 1 


bit 0 


underflow 


Cee 
reference analogue 100 “DD analogue VYpp digital 
| 
‘/ 


voltage voltage 
LOW input 
(VrefL) (Vj) 


to (+#12V) ground (+5V) ground 7280489 
50nF 


Note 


All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V. 


Fig. 1 Block diagram. 
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7-bit analogue-to-digital converter (ADC 7) 


PNA7507 


1 
[2 | 
3 | 
Lae 
SS 
Ea 
Ea 
8 
9 | 
10 
1 
12. 


7280488 


Fig. 2 Pinning diagram. 


RATINGS 


PINNING 

1 Vi 

2 AGND 
3 VDD 
4 VrefH 
5 STC 

6 OVFL 
7 bit 6 
8 bit 5 
9 bit 4 
10 bit 3 
11 bit 2 
12 VppD 
13 DGND 
14 -fCLK 
15 bit 1 
16 bit 0 
17 UNFL 
18 n.c. 
19 Veep 
20 VrefL 
21 n.c. 
22 n.c. 
23 VoD 
24 VpD 


PNA7507 
PNA7507A 


analogue voltage input 
analogue ground 

positive supply voltage (+ 5 V) 
reference voltage HIGH 

select two’s complement 
overflow 

most-significant bit (MSB) 


positive supply voltage (+ 5 V) 
digital ground 
15 MHz clock input 


least-significant bit (LSB) 
underflow 

not connected 

back bias output 

reference voltage LOW 

not connected 

not connected 

positive supply voltage (+ 5 V) 
positive supply voltage (+ 12 V) 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range (pins 3, 12, 23) 
Supply voltage range (pin 24) 

Input voltage range 

Output current 

Total power dissipation 

Storage temperature range 


Operating ambient temperature range 


HANDLING 


Vpp —0,5 to +7 V 
Vpp —0,5to +13,5 V 


V| —0,5 to +7 V 

lo 5 mA 
Prot tof mW 
T stg —65to +150 °C 
Tamb —10to +80 °C 


Inputs and output are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘ Handling 


MOS Devices’’). 
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CHARACTERISTICS 


Vpp5 = V3, 12, 23-13 = 4,75 to 5,25 V; Vpp12 = V24-2 = 11,4 to 12,6 V; Cap = 100 nF; 
Tamb = 0 to + 70 °C; unless otherwise specified 


a 


Supply 
Supply voltage (pins 3, 12, 23) 


Supply voltage (pin 24) 


Supply current (pins 3, 12, 23) 


Supply current (pin 24). 


Reference voltages 
Reference voltage LOW (pin 20) 
Reference voltage HIGH (pin 4) 


Reference current 


Inputs 
Clock input (pin 14) 
Input voltage LOW 


Input voltage HIGH 
Digital input levels (STC, pin 5)* 
Input voltage LOW 


Input voltage HIGH 


Input current 
at V5.13 =0V 


Input leakage current (not STC) 


Analogue input levels (pin 1) 
at VretL = 2,5 V; VretH = 5,1 V 


Input voltage amplitude 


(peak-to-peak value) Vi(p-p) 
Input voltage (underflow) Vi 
Input voltage (overflow) Vy 
Offset input voltage (underflow) Vi-VrefL 
Offset input voltage (overflow) Vi-VrefH 


Input capacitance C4.2 


* When input voltage is LOW binary coding is selected; when input voltage is HIGH two’s complement 
is selected; if pin 5 is open-circuit the input is HIGH. For output coding see Table 1. 
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7-bit analogue-to-digital converter (ADC 7) 


parameter 


Outputs 


Digital voltage outputs 
(pins 6 to 11 and 15 to 17) 


Output voltage LOW 
atlgo =2mA 


Output voltage HIGH 
at —lq = 0,2 mA 


Timing (see also Fig. 3) 
Clock input (pin 14) 
Clock frequency 

Clock cycle time LOW 
Clock cycle time HIGH 


Input rise and fall times (note 1) 
rise time 
fall time 


Analogue input (pin 1) 
Bandwidth (—3 dB) 
Aperture time delay (note 2) 
Aperture jitter time 

Digital outputs (note 3) 
Output hold time 


DEVELOPMENT DATA 


Output delay time ns 
Internal delay clocks 


Propagation delay time 
at fo K = 13,5 MHz 


Transfer function 


PNA7507 


Linearity, integral 
and differential (+ 0,4% full scale) 


PNA7507A 


Linearity, integral 
and differential (+ 0,5% full scale) 


Notes to timing characteristics 


1. Clock input rise and fall times are at the maximum clock frequency (15 MHz). 

2. The aperture time delay is referenced to the peak-to-peak value of the analogue input voltage at 
Vi(p- ig 2,6 V (full scale); f = 5 MHz. 

3. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1,5 V. 
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Table 1 Output coding (Vref, = 2,5 Vi VrefH = 5,08 V) 


step 


underflow } <2,51 1 
0 2,51 0 
1 2,53 0 
126 5,03 0 
127 5,05 0 
overflow = 5,07 0 
te] It PItHIGHe 
CLOCK INPUT 
(pin 14) 
>itLow|+ 
SAMPLE SAMPLE 
N N+2 


t 
y ' 


{ 

t 

| 

ANALOGUE INPUT | 
(pin 1) > 


tad 


3 tcy ————_> 
<—_-_—_--——_—————— tod 


binary two’s complement 
bit 6 — bit O bit 6 — bit O 


00 
10 
10 
| steps 
. | 2 —125 
0 1 
0 1 
0 1 
> aa 
clock input 
reference level 
Lye 


SAMPLE 
N+5 


V7 


SAMPLE 
N+4 


_ HOLD + 


DIGITAL OUTPUTS 
(pins 6 to 11 and 15 to 17) 


mics re 


t-ty> 


Zz a DAV 
N+1 ZG 
not 


7280491 


Fig. 3 Timing diagram. 
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DEVELOPMENT DATA 


~~! 
APPLICATION INFORMATION or 
=. 
=| 
clock input © 5 
ie) 
re 
© 
4,5 ' 
HEX et 
OVFL 17 re} 
INVERTER : 
74F04 \ 7 1809 = 
FIXED +VE ny lenin Dalian = 
OUTPUT ty 
+15VO— VOLTAGE a 
Ft REGULATOR A) S 
. — 78L12AC y = 
a) seal & 
Yi 7 “a si 2 
“BB 146 17 ia 
100 to 150nF - © 
analogue = gain ~ 
input adjustment : 
1209} | E 
C) 
2k fl 
igital 
7 OUTPUT ADC any é 
INTERFACE 
SL541B ‘ 
1kQ i bo  Jor00 O 
offset 4,7kQ , 
adjustment a 
it il 4 O+5V 
+ 
FIXED -VE STC == 10 pF 
OUTPUT O Alita 
-15V0 VOLTAGE eae 
O REGULATOR g 
@ 79LO5AC 4 Yi 7 7280490 7 
° 
@ analogue i : 
3 ground | 10 uF 10 pF . 
ou 4 “4 7 “3 “4 “3 L C..R_.= amplifier compensation 
@ ; =p = 100 nF 
= (e.g. R, = 1002; C,.=6,8pF) 
© 
co 
SS 


Fig. 4 Application circuit diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and PNA7518 


specifications are subject to change without notice. 


8-BIT MULTIPLYING DAC 


GENERAL DESCRIPTION 


The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (DAC) designed for video 
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a 
sampling rate of 30 MHz. 


The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to 
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the 
resistor chain. 


The input latches are positive-edge triggered. The output impedance is approximately 0,5 k&2 depending 
on the applied digital code. An additional operational amplifier is required for the 75 §2 output impedance. 
Two’s complement is selected when STC (pin 11) is HIGH or is not connected. 


Features 


@ TTL input levels 

@ Positive-edge triggered 

@ Analogue voltage output at 30 MHz sampling rate 

@ Binary or two’s complement input 

@ Output voltage accuracy to within + % of the input LSB 


QUICK REFERENCE DATA 


Supply voltage range (pin 16) VDD 45to5,5 V 
Supply current (pin 16) IDD typ. 50 mA 
Reference voltage LOW (pin 2) VrefL. min. Ov 
Reference voltage HIGH (pin 9) VrefH max. 2 V 
Linearity 

at Ry = 200 k&2; Vo = 2 V (peak-to-peak value) +% LSB 
Bandwidth (—3 dB) 

at Cy =6 pF B min. 12 MHz 
Clock frequency foLK max. 30 MHz 
Total power dissipation Prot typ. 300 mW 


Applications 


@ Video data conversion 

e@ CRT displays 

@ Waveform/test signal generation 
@ Colour/black-and-white graphics 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38WE-1). 
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PNA7518 


nt digital voltage input (Vj) 
complement (+5V) 
(STC) bit 0 bit 1 bit 2 bit3 bit 4 bitS bit6 bit7 Vop 


LSB MSB 
re ee ee ee 


INPUT BUFFER/LATCH x 8 


clock input 
(foLK) 


DECODER 


PNA7518 


VrefH 


analogue 
reference analog 
voltage voltag 
inputs aie 


VrefL 


7Z80546 100 to 150nF 
I. Vsgs 
Vep 7 (OV) 


Fig. 1 Block diagram. 
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8-bit multiplying DAC PNA7518 


PINNING 
1 VAO analogue output voltage 
18] Yoo 2 VrefL reference voltage LOW 
115] bit 4 3 bit 3 
114] bit 5 : = : digital voltage inputs (V1) 
bit 6 6 bit O least-significant bit (LSB) 
PNA7518 . 7 VBB back bias 
si 8 Vss ground 
hi] stc 9 VrefH reference voltage HIGH 
10 fcoLK clock input 
10} foLk 11 STC select two’s complement 
ped We 12 bit 7 most-significant bit (MSB) 
bi | 13 bit 6 Si sien ier die * 
SeaTae: 14 bit 5 igital voltage inputs (V}) 
15 bit 4 
Fig. 2 Pinning diagram. 16 Vpp positive supply voltage 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
= Supply voltage range (pin 16) Vpop —O05to+7 V 
A Input voltage range (pins 3, 4, 5, 6, 
5 11, 12, 13, 14 and 15) V —0,5to+7 V 
s Output voltage range (pin 1) VAO —0,5to+7 V 
© Total power dissipation Prot max. 400 mW 
_ 
uw Storage temperature range T stg —65 to + 150 °C 
6 Operating ambient temperature range Tamb Oto +70 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
“Handling MOS Devices”). 
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CHARACTERISTICS 
Vpp = 4,5 to 5,5; Vss = 0 V; Cpg = 100 nF; Tamb = 0 to + 70 °C; unless otherwise specified. 


et 


Supply (pin 16) | 
Supply voltage 55 V 


Supply current 80 mA 


Reference voltages 


Reference voltage LOW (pin 2) + 2,1 V 
Reference voltage HIGH (pin 9) +2,1 V 
Reference ladder 300 Q 
Inputs 
Digital input levels (TTL) (note 1) 
input voltage LOW 0,8 V 
input voltage HIGH 5,25 V 
input leakage current _ 10 LA 
Clock input (pin 10) 
input voltage LOW 0,8 V 
input voltage HIGH 5,25 V 
input leakage current 10 BA 
frequency | 30 MHz 
pulse width HIGH — ns 
pulse width LOW — ns 
input rise time at fo, K = 30 MHz 3 ns 
input fall time at fo. K = 30 MHz 3: ns 
Output 
Analogue voltage output (pin 1) 
at Ry = 200 kQ2) 2 V 
Bandwidth (—3 dB) at C_ = 6 pF — MHz 
Switching characteristics (Fig. 3) 
Data set-up time _ ns 
Data hold time — ns 
Propagation delay time, input to output tceLK + 30 | ns 
Settling time: 10 to 90% full-scale change; . 
Cy. =6 pF; Ry = 200 kQ 20 ns 
Settling time to + 1 LSB; 
Cy =6 pF; Ry = 200 kQ | — ns 
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DEVELOPMENT DATA 


8-bit multiplying DAC 


| parameter | 


Output transients (glitches) 
(note 2 and Fig. 3) 


1 LSB change: 


Maximum occurring at step 7F-80 (HEX) 3 lis 
area amplitude Vg 93 _ 

Generally: 

Maximum occurring at step 00-AA (HEX) 5 - 
are amplitude At _ 

Influence of clock frequency (note 2) 

Cross-talk at 2 x fcoLK 
amplitude 2 = 
area 8 ni 


Notes to the characteristics 


1. 
2. 


Inputs bit O to bit 7 are positive-edge triggered. 


PNA7518 


LSB 
LSB.ns 


LSB 
LSB.ns 


LSB 
LSB.ns 


Measured at VratH-Vreft = 2,0 V; 1 x LSB = 7,8 mV. The energy equivalent of output transients is 
given as the area contained by the graph of output amplitude (LSB) against time (ns). The glitch 
area is independent of the value of V-of. Glitch amplitudes and clock cross-talk can be reduced by 


using a shielded printed circuit board. 


_ tpWH 7 


ai “ial = iL ° 


—»ts4 
ANALOGUE 
OUTPUT 1 LSB 
($$. PO —_ tsa 


Fig. 3 Switching characteristics. 
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DEVELOPMENT DATA | 
This data sheet contains advance information and SAA1043 


specifications are subject to change without notice. 


UNIVERSAL SYNC GENERATOR 


GENERAL DESCRIPTION 


The SAA 1043 generates the synchronizing waveforms required in all types of video source equipment 
(video cameras, film-scanners, video games, computer displays and similar applications). The device 

is programmable to suit standards SECAM 1, SECAM 2, PAL/CCIR, NTSC 1, NTSC 2, and PAL-M; the video 
game 624 and 524-line standards; and can be synchronized to an external sync signal. Inputs and 

outputs are CMOS compatible. 


Features 

Programmable to eight standards 

Horizontal frequency manipulation for application in non-standard systems 
Oscillator functions with LC or crystal elements 

Additional outputs to simplify camera signal processing 

Can be synchrenized to an external sync signal 

Vertical reset for fast vertical lock 

Subcarrier lock in combination with subcarrier coupler SAA 1044 


Very low power consumption 


QUICK REFERENCE DATA 


Supply voltage range (pin 28) VDD 5,7to7,5 V 
Supply current (quiescent) IDpD max. 10 wA 
Oscillator frequency fosc! max. 5,1 MHz 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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Fig. 1 Block diagram. 


Universal sync generator SAA1043 


PINNING 
1 BC burst flag/chroma blanking (SECAM) output 
2 FH2 PAL identification output 
3 Si set identification input (SECAM, PAL, PAL-M) 
4 FH3 400 Hz (PAL); 360 HZ (NTSC, PAL-M) and 
f4y/3 (SECAM) 
5 XxX standard programming input 
6 Y standard programming input 
7 FD standard programming input 
8 FH80 80x fy output (1,25 MHz) 
aes 9 VCR VCR standard input 
10 OSCO oscillator output 
11. OSCI oscillator input 
12 PH phase detector output 
13. NS no-sync detector output 
14 Vss negative supply voltage (ground) 
a 15.-<ECS external composite sync input 
y; 16 RI vertical identification output 
= STITT 17. WMP white measurement pulse output 
= 18 RR vertical reset input 
= Fig. 2 Pinning diagram. 19 V1 vertical drive output 
oO ; . 
= 20 V2 vertical drive output 
a 21 CLP clamp pulse output 
2 22 DL 2 x fy input/output - 
23 4H! horizontal drive output 
24 H2 horizontal drive output 
25 CB composite blanking output 
26 CS composite sync output 
27 ID SECAM identification output 


28 Vpop pasitive supply voltage 
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FUNCTIONAL DESCRIPTION 
Sync pulse generation 
Programming of operating standard 


The standard required for operation is programmed using the inputs X, Y and FD as shown in Table 1. 
The FD input selects 525 or 625-line working of the vertical counter (524 or 624-lines for video game 
standards) and also influences the choice of oscillator frequency as shown in Table 2. 


Table 1 Programming of operating standard 


SECAM 1 
SECAM 2 
624 
PAL/CCIR 
NTSC 1 
NTSC 2 
524 
PAL-M 


- -§ © On- - CO OX 


aon 


positive logic: 1 = HIGH; 0 = LOW 


Oscillator 


The built-in oscillator of the SAA1043 functions with an external LC-circuit (Fig. 3) or with a crystal 
of the parallel resonance type (Fig. 4). For operation in the VCR mode the LC oscillator circuit is 
recommended. The frequencies required for the operating standards are shown in Table 2. 


Table 2 Oscillator input frequencies 


operating osc. frequency vertical vertical fre- horizontal fre- 
standard (foscy) MHz divider (FD) | quency (fy) Hz quency (fp) Hz 
PAL, SECAM, 624 5,0 0 50 15625 


NTSC, PAL-M, 524 5 034964 1 59 94 15734,26 
PAL, SECAM, 624 2.5 H2 (pin 24) 15625 
NTSC, PAL-M, 524 H1 (pin 23) 15734,26 


2,501748 


SAA1043 


7287661 


(1) Component values can be calculated from the formula fogcy = 1/2m/LCy where C, = C/2 + Cp and 
Cy = parasitic capacitance of typically 5 pF. 


Fig. 3 LC oscillator circuit. 
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DEVELOPMENT DATA 


Universal sync generator SAA1043 


Vv 
7287662 3S 


(1) Catalogue number of crystal: 8222 298 40760. 
(2) All inputs not shown are at Vss. 


Fig. 4 Crystal oscillator circuit showing test set-up for 
oscillator frequency measurement. 


Synchronization to an external sync signal 


Use is made of the phase comparator output PH to lock the internally generated sync pulses to an 
external sync signal. Reset pulses derived at each falling edge of the external sync signal (ECS) reset the 
the sync counter which is clocked at the internal horizontal frequency by the horizontal counter. At 
each horizontal scan period the sync counter opens the sync pulse gate and allows the ECS to be 
applied to the phase comparator where it is compared with the phase of the internally generated 
horizontal sync pulse. When the two signals are in phase the output PH is in a high impedance state. 
When a phase difference exists PH is pulled towards Vpp or Vss depending on the direction of the 
error (Fig. 5). The phase-analogue voltage on PH is used to correct the frequency at OSCI via a 
voltage-controlled oscillator and null the phase error between internal and external signals. Pulses 
occurring on the ECS outside of the sync pulse gating time (serration and equalization pulses) do not 
effect the phase comparator. 


7287663 


_ HEE 
VPH 
(Vv) 


Vss | CeCe 


—27 


Cait error (rad) 7 


Fig. 5 Phase comparator characteristic. 
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FUNCTIONAL DESCRIPTION (continued) 
Synchronization to an external sync signal (continued) 


The circuit will lock to standard and non-standard sync signals. With standard signals the resetting of 
the sync counter is permitted after 3/4 of the horizontal scan period and if one reset pulse is missed 
the next pulse will reset the counter. With non-standard signals a narrow reset window is imposed to 
avoid disturbances which would otherwise be visible on the screen during vertical blanking time. The 
width of this window is 64 — 15,2 < reset time < 64 + 15,2 us. If a reset pulse does not occur within 
this window the same window timing is specified for the next horizontal scan. 


A no-sync signal is generated by the sync pulse gate if the sync counter is not reset from the ECS. The 
no-sync signal (NS) occurs 6,4 us after the time of the missing reset pulse. 


Detection of the vertical sync in the ECS is performed using a double sampling method which minimizes 
detection failures. Vertical lock is performed by comparing the internal vertical sync with a pulse 
derived from the ECS and using the result to modify the period of the vertical counter. This is achieved 
by manipulating the DL (2 x f,4) input to the vertical counter via the addition/subtraction 

logic. The DL puises are added or suppressed to bring the circuit into lock in the shortest possible time; 
the direction taken is determined by a logic decision based on the half picture in which the ECS derived 
pulse occurred. 


Use in non-standard systems 


For systems requiring a non-standard horizontal frequency the number of horizontal scans per picture 
can be manipulated using the open drain input/output DL. The addition or suppression of pulses 
during the high ohmic period of DL modifies the vertical counter value. The suppression of two DL 
pulses per half picture will give one extra horizontal scan and the addition of two DL pulses will 
remove one horizontal scan from the half picture (see Fig. 6). 


H1 [ ] [] 


7287664 


(1) Normal waveform at DL; fp, = 2 x fy. 


(2) Waveform at DL with two pulses suppressed increases the number of horizontal scans per half 
picture by 1. 


(3) Waveform at DL with two additional pulses decreases the number of horizontal scans per half 
picture by 1. 


Fig. 6 Manipulation of the horizontal frequency for non-standard systems. 
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DEVELOPMENT DATA 


Output waveforms 


The output waveforms for the different modes of operation are shown in Figs 7 and 8. 


‘start half picture 


\ 
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FUNCTIONAL DESCRIPTION (continued) 


Output waveforms (continued) 


NTSC1 
(2) 


PAL-M 


NTSC1+2 
{2) 


PAL-M 


NTSC2 
(2) 


cs 


cs 


CB 


CB 


FH2 
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BC 
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(1) H = 1 horizontal scan. 


(2) NTSC mode reset; the 
Ath half picture is ident- 
ical to the 2nd half 
picture for NTSC. 


Fig. 8 Typical output 
waveforms for NTSC and 
PAL-M. In the 524-line mode 
the output waveforms are 
identical to the 1st half 
picture of NTSC and are not 
interlaced (0,5H subtracted 
from the waveform timing). 


CvVOLVVS 
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Universal sync generator 


WAVEFORM TIMING (Table 3, Figs 9 and 10) 


The waveform timing depends on the frequency of the oscillator input (fosc}). This is shown in Table 3 
as the number (n) of oscillations at OSCI. The timings given are derived from nx tosc | + 100 ns. One 
horizontal scan (H) = 320 x toscy = 1/fy. Note that the number of horizontal scans per half picture 
can be modified for non-standard systems using input/output DL as shown in Fig. 6. 


Table 3 Waveform timing 


parameter symbol PAL NTSC PAL-M SECAM unit] n | 
cS 
Horizontal syne 
pulse width twsc1 48 4,77 4,77 48 us |24 
Equalizing pulse width | tywsc2 2,4 2,38 2,38 2,4 us| 8 
Serration pulse width | tywsc3 48 4,77 4,77 4,8 us | 24 
Duration of pre- 
equalizing pulses | _ 2,5 3 3 2,5 H 
Duration of post- 
equalizing pulses — 2,5 3 3 2,5 H 
Duration of serration 
<q pulses _ | 2,5 3 3,5 2,5 H 
q | = 
q | 8 | | 
- Horizontal blanking | 
< pulse width | | 
é PAL/SECAM/PAL-M |twcp | 12 = 11,12 | 12 Hs |60 | 
- NTSC 1 tWcB — 11,12 — — us |56 | 
nf NTSC 2 tWCB - 10,53* - “- | ws (53 | 
Q | Front porch 'tpcacs | 1,6 1,59 1,59 1,6 us| 8 
Duration of vertical | | | ! 
blanking 
| 
PAL/SECAM/PAL-M | | 25H+twop \- 21H+tweop | 25H+twcp 
NTSC 1 | | = 21H+twoB |— 
NTSC 2 | —~ 19H+twcp he 
| 
BC (PAL) | | 
Burst key pulse width | twBc 2,4 | 2,38 2,38 
Sync to burst delay ‘tpcsBc [5,6 5,56 5,76 
Burst suppression | — 9 9 11 
Position of burst 
suppression: 1st half — H623 to H523 to H523 to 
picture | H6 1H6 H8 
2nd half | — H310 to 1261 to H260 to 
picture H318 | H269 H270 
3rd half | — H622 to ; H523 to H522 to 
picture | H5 H6 H7 


Ath half 
picture 


H311 to 
H319 


H259 to 
H269 
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WAVEFORM TIMING (continued) 
Table 3 (continued) 


BC (SECAM) 
Chroma pulse width 


PAL-M SECAM unit} n | 


twBc — — — 7,2 ps 136 
tPBCCS | — = = 1,6 us | 8 


Chroma to sync delay 


Duration of vertical 
blanking: SECAM 1 ist half picture: 25H + twpc except H320 to H328 


2nd half picture: 24,5H + twpec except H7 to H15 


122 


SECAM 2 ist half picture: 25H + twpc 
2nd half picture: 24,5H + twpc 

CLP 
Clamp pulse width twcLP 2,4 2,38 2,38 2,4 us |12 
Sync to clamp delay tpcscLp!| 2,4 2,38 2,38 2,4 Ms |12 
DL 
Frequency fOL 2x Ty 2x fy 2x fy 2x fy _ 
Pulse width tWDL 9,6 9,53 9,53 9,6 us |48 
DL to sync delay tpcies | 5,6 5 56 5,56 56 us |28 
FH80 
Frequency fF H80 80 x fy 80 x fry 80 x fy 80 x fy —_ 
Sync to FH80 delay — 0,2 0,2 0,2 0,2 us | 1 
vo 
H1 pulse width twui | 7.2 7,15 7,15 12 | us [36 
H2 pulse width tWH2 7,2 7,15 7,15 7,2 | us [36 
H1 to sync delay tpHics | 0.8 0,79 0,79 0,8 us | 4 
Sync to H2 delay tpcsH2 | 0,8 0,79 0,79 0,8 us | 4 
Repetition period — 64 63,56 63,56 64 US 
V1, V2 
V1 duration — 10 6 6 10 H 
V2 duration _ 7,5 9 9 7,5 H 
V1 to sync delay tpyics | 1,6 1,59 1,59 1,6 us | 8 
Sync to V2 delay tpya2cs | 1,6 1,59 1,59 1,6 us | 8 
FH2 
Frequency frH? f}4/2 — 
Sync to FH2 delay — 0 ys 
FH3 
Frequency fFH3 f4y/3 de 
Sync to FH3 delay — 0 us 
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WMP 
WMP pulse width 
Sync to WMP delay 
Duration of WMP 
Position of WMP 


Position of ID | 
Ist half picture: — H7toH15 {H8toH22 |H8 to H22 


1st half picture: = H163to |H134to —|H134to = |H163 to | — 
H173 H143 H143 H173 | 
2nd half picture: = H475to —-(|H396 to ~—«[H396 to. ~—«JH475 to | = ! 
H485 H405 H405 H485 ie 
RI | 
Frequency — fy/2 fyy/2 fyy/2 10fy | - 
Position of edges _ H6 and H318|H7 and H269)H7 and H269/— | — 
ID | 
ID pulse width tWID 12,0 11,12 11,12 12,0 | us 60 
ID to sync delay tpipcs (1,6 1,59 1,59 1,6 us | 8 
| 

H7 to H15 ! 
2nd half picture: — H320 to H271 to hes to H320to | 
H328 H285 H285 H328 


DEVELOPMENT DATA 


* Horizontal blanking pulse width for NTSC 2 can be 11, 12 us maximum. 
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WAVEFORM TIMING (continued) 


horizontal 
sync pulse «<— twsc1 —> 
composite - dea 
sync cS equalizing pulse ee WSC2 
serration pulse [eo twsc3 


composite cpg horizontal l 


blanking blanking pulse <—+-———— 'wes ————> 
tpcacs | + 
~ burst key (PAL) \<tpcsBC> <—twec 


burst key / BC l 


chroma 
chroma (SECAM) ies twec a 
| 
H1 horizontal drive Rai twH1 ei 
| 


tpH1cs —>| |<— 


| 
H2 horizontal drive | aan twH2 Saag 


tpcSH2 —>| P= 


CLP clamp pulse =e <—twc-p 


=> l<—tpcscip 


| 
| 
| 
| 
1 

DL 2x fy pulses ellos a tWwDoL ae 


|«—-tppLcs — 


ID SECAM a 'wip ———__—_> 
identification ? 


PIDCS —>| <— 


start, stop 
V1, V2 vertical drives X | 
egict <—tpvics, tpv2cs 


PAL x 
ne identification | 


| 
400 Hz (PAL), 
FHS 44/3 (SECAM) x 
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Fig. 9 Waveform timings: PAL/CCIR; SECAM; 624-line modes. 
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DEVELOPMENT DATA 


Universal sync generator SAA1043 


horizontal 
sync pulse ~«—twcsi-—> 
ao ae saduliving pulses —> ~<—twcs2 


serration pulse [<= twesa 2] 


| 
| 

composite CB horizontal l 

blanking blanking pulse <—_,——— tweB —-__—> 


| 
tepcBcs —»| |<+— 


BC burst key + tecsec—>| [<= twee 


H1 horizontal drive Pier twH1—#——> 


| 
| 
H2 horizontal drive <—__—— twy2—_—> 
J 
| 


CLP clamp pulse { mai fi twecPL 


—+! |<—tpcscip 


DL 2 x fy pulses | " 2 ewe 


|\<— tpp_cs —' 


start, stop | 
V1.2 vertical drives | 
: = I<—tpvics, tpv2cs 


FH2 identification 


360 Hz 
Cy eT alent 


7287659 

Fig. 10 Waveform timings: NTSC; PAL-M; 524-line modes. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range with respect to Vss Vpp —0,5to+15 V 
Input voltage range Vi —0,5 to (Vpp+0,5)* V 
Input current +1 max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5)* V 
Output current +lo max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25 to+70 °C 
Storage temperature range T stg —55 to+150 OC 


*Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 
Vpp = 9,7 to 7,5 V; Vss = 0 V; Tamb = —25 to + 70 °C unless otherwise specified 


parameter symbol min. typ. max. 
Supplies 
Supply voltage VppD 5,7 -- 7,5 V 


Supply current (quiescent) 
at lq = O mA at all outputs; 


Vpp = 7,5 V; Tamb = 25 OC IpDp —~ — 10 LA 
Inputs 
Input voltage HIGH VIH 0,7xVpp | —- VpD V 
Input voltage LOW VIL 0 a 0,3 x Vpop V 


Input leakage current at 

Vj =7,5V; Vpp = 7,5 V; 

Tamb = 25 °V liR — — 1 uA 
Input leakage current at 

Vi =O0V; Vpp = 7,5 V; 


Outputs (except PH and OSCO) 


Output voltage HIGH at : | 
—-lIoH = 0,5 mA VOH Vpp — 0,5} — — V 


Output voltage LOW at 

lo. = 0,5 mA VOL — 7 0,4 V 
Output PH 
Output voltage HIGH at 

—-IQ9H =0,9mMA VOH Vpop —- 90,5; — — V 
Output voltage LOW at 

lol = 1,0 mA VOL — ~~ 0,4 V 
Output leakage current at 

Vo=7,5V; Vpp=7,5 V IOR -~ — 5 BA 


Output leakage current at 
Vo=7,5Vi Vpp= 7,5 V; 


Output leakage current at 
Vo=0V; Vpp=7,5 V —lOR — — 5 LA 


Output leakage current at 
Vo =0V; Vpp = 7,5 V; 


Tamb = 25 9C —lor — — 1 uA 
Output OSCO 
Output voltage HIGH at 

Voscl = 9 V; —loy = 0,9 mA VOH Vpp-9,5 | — _ V 
Output voltage LOW at 

Vosci = Vpp; lot = 1,0mA VOL -~ {— 0,4 V 
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Universal sync generator 


parameter 


input/output DL (open drain) * 


Output voltage LOW at 
lor = 1,0 mA 


Output leakage current at 
Voz75ViVpp=75V 


Output leakage current at 
Vo =75V;i Vpp= 7,5 V; 
Tamb = 25 PC 

Load resistance (Fig. 4) 
at Vpp = 5,7 V 
at Vpp = 7,5 V 


Time constant (Fig. 4) 
at Vpp = 5,7 V 


at Vpp = 7,5 V 


Oscillator frequency (Fig. 4) 


Maximum oscillator frequency 
at Vpp = 5,7 V 


DEVELOPMENT DATA 


* An external pull-up resistor (3,9 k{2) must be connected between DL and Vpp. The time constant 


Ry, Cy must not exceed the values given. 
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APPLICATION INFORMATION 


external 
sync 
»§ Y VCR 


SAA1043 


PH OSCI OSCO FD |Vog 
Vppb 


8202] | r2ks 


2,2kQ2 180 kQ 560 pF{ 40uH 


13 kQ ; 
680 pF BB109 82 pF 
i il 7287665 


Fig. 11 Synchronizing circuit using passive filter network. 


HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


February 1984 


DEVELOPMENT DATA 
This data sheet contains advance information and SAA1044 


specifications are subject to change without notice. 


SUBCARRIER COUPLER 


GENERAL DESCRIPTION 


The SAA1044 maintains the correct relationship between subcarrier and horizontal scan frequencies 
when an exact coupling is required. It is for use in combination with sync generator SAA1043 for 
application in colour video sources (cameras, film-scanners and similar equipments). 


Features 


@ Provides exact relationship between subcarrier and horizontal scan frequencies 
@ Accommodates all standard frequencies 
@ Facilitates GENLOCK (general locking) applications 


FD X FH 


1 


Ss 
8 
ae 


3 
wes 
STANDARD PHASE e 

RATOR 
SELECTOR SIVIGIGN f, 10 fp eouneea’ PH1 
FACTOR QUATION 


LOGIC CIRCUIT 


SUBI PHASE 
ccd SUBCARRIER SUBCARRIER COMPARATOR PH2 
SUBO OSCILLATOR DIVIDERS 2 
SUBTRACTOR 
pee SECAM 
2 


SECO OSCILLATOR DIVIDER 
PHASE 
COMPARATOR PH3 


SEO REFERENCE 3 
RS SUBFREQUENCY 
DIVIDER 


6 
E 


FH80 


SO 


SAA1044 


7287698 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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SAA1044 


PINNING 
SECI SECAM oscillator input (272f}) 
2 SECO SECAM oscillator output (272f 14) 
3 SEO inverted SECAM oscillator output 
4 RS reference subfrequency 
5 SO inverted subcarrier oscillator output 
SAA 1044 6 SUBO _ subcarrier oscillator output 
7 SUBI subcarrier oscillator input 
8 Vss negative supply voltage (ground) 


9 PH1 phase comparator 1 output (FH80/SUBI) 
10 FH80~ 1,25 MHz input (from SAA1043) 


7287699 11 FD standard programming input 
Fig. 2 Pinning diagram. 12 PH3 phase comparator 3 output (RS/SUBI) 
13 xX standard programming input 


14 FH3 standard programming input 
(from SAA1043) 


15 PH2 phase comparator 2 output (SECI/FH80) 
16 Vpp positive supply voltage 


FUNCTIONAL DESCRIPTION 
Programming of operating standard 


The standard required for operation is programmed using the inputs FD, X and FH3 as shown in 
Table 1. 


Table 1 Programming of operating standard 


standard FH3 relationship of subcarrier frequency (fs) 


to horizontal scan frequency (fy) 


400 Hz fs = 283,7516f}y 


don’t care fs = 282fy 
400 Hz fg = 229,2516fy 
1 fg = 227,25fy 


fg = 227,5fy 


Positive logic: 1 = HIGH; 0 = LOW 
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DEVELOPMENT DATA 


Subcarrier coupler SAA1044 


Subcarrier/horizontal scan frequency relationship 


The input FH80 from SAA1043 is the reference for horizontal scan frequency (f}4). This frequency is 
reduced by a factor determined by the selected operating standard to give a value of 8f,, (PAL, SECAM) 
or 10f4y (PAL-N, PAL-M, NTSC) to phase comparator 1. The subcarrier frequency (fs) is manipulated 
to provide a comparable value at the second input to the phase comparator. When the frequencies of 

the two inputs to phase comparator 1 are equal, the relationship between fy and fs is as shown in 

Table 1. 


Phase comparator 1 functions with an exclusive-OR phase detector circuit and provides an output 
which may be used to control a voltage-controlled oscillator (VCO) via a low-pass filter. The VCO 
reference can be the subcarrier or the horizontal scan frequency and the filter can be active or passive, 
depending on application. 


A second subcarrier oscillator circuit is provided for SECAM operation. The operating frequency of 
this is centred on 272f} to give, when fs = 282fy, comparable values of 5fy at the two inputs to phase 
comparator 2. A second VCO loop can be used to control the SECAM oscillator frequency. 


The high degrees of accuracy and stability required for GENLOCK applications are met by phase 
comparator 3. This compares the internal subcarrier and external reference frequencies. To adjust the 
phase over 27, this comparator has a linear characteristic over 47. The output signal PH3 has a period 
time of fg/4 and a duty cycle of between 12,5% and 62,5% giving a sensitivity of 240 mV/rad. Errors 
due to temperature variation are minimized by symmetrical circuit and chip design. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vsc Vpp —0,5to+15 V 
Input voltage range V\ —0,5 to (Vpp + 0,5)* V 
Input current th max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5)* V 
Output current +lQ max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Pitot = max. 200 mW 
Operating ambient temperature range Tamb —25 to +70 °C 
Storage temperature range Tstg —55to +150 9C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


* Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 
Vpp = 5,7 to 7,5 V; Vss = 0 V; Tamb = —25 to + 70 OC unless otherwise specified 


: 
Supplies 


Supply voltage VppD 5,7 
| 


parameter 


Supply current (quiescent) 
at Io = 0 mA at all outputs; 
Vpop = 7,5 V; Tamb = 25 OC 


Inputs 
Input voltage HIGH 
Input voltage LOW 


Input leakage current at 
Vi, =7,5 Vi Vpp = 7,5 V; 
Tamb = 25 9C 
Input leakage current at 
| Vi=OV; Vpp =7,5V; 
| Tamb = 25 °C 
| 


Outputs (except SECO and SUBO) 


Output voltage HIGH at 
—I9oH = 9,5 mA 


Output voltage LOW at 
lot =9,5 mA 


Outputs SECO and SUBO 


Output voltage HIGH at 
—loH = 9,9 mA 


Output voltage LOW at 
lol =1,0mA 


Oscillator frequency (Fig. 3) 


Maximum oscillator frequency 
at Vpp = 5,7 V 
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Subcarrier coupler SAA1044 


27 pF 


+4 


(1) 
4,43 MHz CL] ima] 


SAA1044 


\ a 


27 pF 


(2) 
10 pF 7Z87700 


(1) Catalogue number of crystal: 4322 143 04040. 
(2) Inputs not shown are don’t care. 


Fig. 3 Test set-up for oscillator frequency measurement. 


DEVELOPMENT DATA 
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APPLICATION INFORMATION 


2 10 pF 
pe) 
=“ N 
S$ 
27 pF 
— 4,43 MHz 
© + 
pf 
4,43 MHz J x 
(1) 
r| Yop 
N 
33 pF 


CS 


composite 
sync 


ONT 180k2 560 pF 
BA318 2 L__] 
ne Ss oF rd EXT ae SAA1043 


external sync 


xi 


7287696 a 
(1) Catalogue number of crystal: 4322 143 04040. 


Fig. 4 Subcarrier coupling for PAL application; external synchronization is selected with switch in EXT condition. 
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VB6L 4YueW 


GEL 


PAL composite 
video 


DEVELOPMENT DATA 


SO 4,43 MHz 


phase adjust 


(d.c.) 
PH3 FILTER 
SAA1044 
4,43 MHz 


SUBCARRIER (1) 
SUBO , OSCILLATOR a 


4,43 MHz (1) 


i 


BURST 
DETECTOR 


FLYWHEEL 
OSCILLATOR 


IDENT. 
DETECTOR 


FH80 FH3 


+ 
400 Hz FILTER 


SYNC 
DETECTOR 


SAA1043 


= FILTER 


CS 


7287697 composite sync. 


(1) Catalogue number of crystal: 4322 143 04040. 


Fig. 5 Subcarrier coupling for PAL GENLOCK application. 
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SAA1056P 


PLL FREQUENCY SYNTHESIZER 


The integrated circuit SAA1056P together with a suitable prescaler (e.g. SAA1059) and a loop filter 
forms a complete PLL frequency synthesizer for AM/FM radio tuning systems. 


Features 


@ Bus control for the selection of 17-bit words. 

@ 17-bit latch, for data storage. 

® Control lines TTL compatible by means of level shifters. 

@ Decoupled oscillator frequency output (system clock for other ICs). 
@ Choice of 4 reference frequencies. 


QUICK REFERENCE DATA 


Supply voltage ranges Vpp 8to 10 V 


Vpop} 45to 5,5 V 
Operating ambient temperature range Tamb —20 to+ 80 OC 
Maximum input frequency fy 4 MHz 
LOC FU FDN CLO 
12 
FIN fs 
5-BIT 10-BIT FREQUENCY/ 13-BIT REFERENCE QRZ 
SWALLOW PROGRAMMABLE PHASE REFERENCE OSCILLATOR 
CMOD COUNTER DIVIDER DETECTOR | DIVIDER | ef 9 OSC 
a a 
i REFI 
17-BIT LATCH DECODER 
f REFE d 

DATA 

CLB 181. Vpg 

8 
. Vss 
DL | SAA1056P SL TEST 
REFE— Pa 
es, 
| 7Z77995.1 
Vv ? A 
i Fig. 1 Block diagram. 
PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38Z). 
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SAA1056P 


PINNING 


16 Vpp _ positive supply 
8 Vss _ ground (0 V) 
1 Vpp | supply voitage for the level shifters 


Inputs 


13 FIN — input frequency; maximum 4 MHz 
6 DATA data input 

SAA1056P 2 CLB_ clock burst CBUS 
5 DLEN data line enable 
3 REFE reference frequency selection 

11 QRZ = quartz crystal input (4 MHz) 


Outputs 


4 CMOD count mode output for prescaler 
12 LOC flock detector output 
10 FDN _ pnase detector output; frequency down 
14 FU phase detector output; frequency up 
PEI SS 7 CLO © system clock for other ICs (4 MHz) 
Fig. 2 Pinning diagram. 9 OSC quartz crystal oscillator output 


GENERAL DESCRIPTION 


The integrated circuit SAA1056P, together with a suitable prescaler (32/33) and loop-filter, forms a 
complete synthesizer function for AM/FM radio tuning systems. 


The circuit comprises the following blocks: 


a. A dividing circuit formed by a 5-bit binary Swallow counter and a 10-bit binary programmable 
divider. 

b. A frequency/phase detector which, via an external loop-filter, generates the control voltage for the 
voltage-controlled oscillator (VCO). The detector also gives a lock indication. 

c. A 13-bit binary reference frequency divider. This divider delivers the reference frequency to the 
frequency/phase detector. 

d. The decoder delivers the dividing number for the reference divider. Depending on the logic state of 
the 2 inputs (REFI, REFE), four different dividing ratios (160, 400, 800 and 8000) for the 
reference frequencies can be fed to the frequency/phase detector. 

e. A reference frequency oscillator. Together with a 4 MHz crystal a stable frequency is generated, 
from which the reference frequencies are derived. The 4 MHz signal is also available at a decoupled 
output as a system clock for other ICs. 

f. A 17-bit latch to store the data for the dividing number of the programmable divider (block a) and 

2 bits for reference frequency choice. 

. A 16-bit shift register to receive the serial data for the latch. 

. A bus control to protect the data transfer against interferences. 

i. Level shifters for the control inputs DATA, DLEN, CLB and REFE so no external interface is 
necessary between the SAA1056P on 9 V and the other ICs on 5 V. 

k. Synchronization circuit for loading the latches. 


azs> a 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling MOS 
Devices’). 
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PLL frequency synthesizer SAA1056P 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (Vpp | < Vpp) Vop —0,3to+ 15 V 
Input voltage range Vy —0,3to+Vpp V 
Input current (d.c.) ty max. 10 mA 
Output current (d.c.) +109 max. 10 mA 
Current from Vpp | to Vpp (d.c.) | max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 240 mW 
Operating ambient temperature range Tamb —20 to+80 °C 
Storage temperature range T stg —55 to + 150 °C 


D.C. CHARACTERISTICS 
Vss = 0; Tamb = —20 to + 80 °C; unless otherwise specified 


min. typ. max. conditions 
Supply voltages 8 9 10 V 
4,5 5 5,5 V 
Supply current - _ 100 uA lo N= Vbp 
or Vpp; or Vss 


Inputs without level 

shifters; FIN, QRZ, TEST 
input voltage LOW 
input voltage HIGH 


input current HIGH 
input current LOW 


= Pa 1 pA] Vy=10V 


Inputs with level shifters 
DATA, CLB, DLEN, REFE 
at VopI =45to5,5V 


input voltage LOW 
input voltage HIGH 


input current HIGH 
input current LOW 


Output CMOD 
open-drain, n-channel 


= — 05 V | lo, =5,5mA 
a is 20 yA! Vo=10V 


output voltage LOW 


output leakage current 


Outputs LOC, FU, FDN 


output voltage HIGH 
output voltage LOW 


Output OSC 
output voltage HIGH 
output voltage LOW 


Output CLO 
output voltage HIGH 
output voltage LOW 


Vpp-05 - —- Vj -Io=2,5mA 
- ~ 05 V |} Ig=5,5mA 


< 
oO 
o 
a 
| 
| 
< 


—lo = 1,2 mA; ORZ at Vss 
— — 1 V lo =2 mA; QRZ at Vpop 


< 
Le) 
Oo 

Si 
| 

< 


—l9o = 1,2 mA 
_ _ 1 V lo=4mA 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = —20 to + 80 °C; unless otherwise specified 


V 


Inputs without level 
shifters; FIN, ORZ 


input frequency fj 
duty factor 6 
rise/fall time tr, tf 


Inputs with level shifter 
DATA, CLB, DLEN, REFE 


rise/fall time tr, ty 
at 0,8 x Vpp resp. 
pulse width TWH. (WL 0,2 x Vpp levels 


Output CMOD 
open-drain, n-channel 


Cy = 25 pF 
Output CLO 
pulse period af 
pulse width HIGH tWH | see Figs 3 and 4 
pulse width LOW tWL 
Output LOC, FU, FDN C, = 25 pF 
rise/fall time tr, tf Ri = 10k2+ 10% 


VbD 
P 
50 pF 
: VouT 
50 pF 


7284773 


Fig. 3 Output CLO test circuit. 


140 July 1981 


PLL frequency synthesizer SAA1056P 


Vout 


2,4V 


7284772 


Fig. 4 Output voltage (VQytT) of Fig. 3 as a function of time. 


OPERATION DESCRIPTION 
Data inputs (DLEN and DATA) 


The SAA1056P accepts the serial 17-bit data word synchronized with the clock burst (CLB), are offered 
at the data input DATA. However, a command is accepted only when the data line enable input DLEN 
is HIGH at the same time. 


-~| |<«— test leading zero t>O—-| |}~— 


——_______—. data word ———________» 7Z74911.1 


Fig. 5 Pulse diagram of the 17-bit data word. 
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OPERATION DESCRIPTION (continued) 


Each data word must start with a leading zero. The SAA1056P checks the data word for the correct 
length (17 bits) including leading zero. The data word contains 15 bits as a binary coded ratio for the 
programmable divider. The first 10 bits program the 10-bit programmable divider and the next 5 bits 
program the Swallow counter (see Fig. 6). The 16th bit (REFI) determines the ratio of the reference 
divider in conjunction with the logic signal at input REFE. 


10-bit data 5 - bit data 
programmable divider Swallow counter 


SS SS aaa SSS SS 
— [tsb [msp} || | tsb | 


bs leading zero 


7Z277994,.2 
—» t 


Fig. 6 Organization of a data word. 


Setting the reference divider (input REFE and control-bit REF!) 
The reference divider can be set to four different ratios, using the two signals REFE and REFI. 


control bit input dividing ratio reference frequency 
REFI REFE Nref at fosc = 4 MHZ; fre¢ 

1 25 kHz 

1 10 kHz 

0 5 kHz 

0 0,5 kHz 


Input frequency divider (FIN) 


The input frequency is applied to input FIN for further processing in the circuit. It is divided in the 
Swallow counter and the 10-bit programmable divider corresponding to the received data word. The 
division ratio of the dividing circuit is given by the following equation: 


N=Nsg+PxNp with: Np <Ns;0<Ns S31 
in which: 

N  =division ratio of total divider 

Ns = value for the Swallow counter 


P = lowest division ratio of prescaler 
Np =division ratio of the 10-bit programmable divider. 
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PLL frequency synthesizer SAA1056P 


In combination with the 32/33 divider (SAA1059), the minimum and maximum dividing number 
can be calculated: 


Nmin = 0 +32 x 31 = 992 
Nmax = 31 +32 x 1023 = 32767 


Count mode output for prescaler (CMOD) 


Depending on the received data word, the 5-bit Swallow counter generates a signal for setting the 
prescaler. 


0 = divide by low dividing number 
1 = divide by high dividing number. 


The signal appears about 150 ns after the input pulse FIN (see Fig. 7). 


—_~ 


—~!< 150ns 


~<~— 7Z274912.1 


—»| <150ns 


—~| 2250ns 


Fig. 7 Timing of the CMOD signal. 


Phase detector (frequency up/down) and lock detector outputs (FDN, FU, LOC) 


The frequency/phase detector outputs FDN and FU generate a control voltage via an external loop for 
the voltage-controlled oscillator (VCO). 


FDN: phase detector output, frequency down 
O = active 
1 = inactive 


FU: phase detector output, frequency up 
O = inactive 
1 = active 


Output LOC generates an extra signal if the loop is locked. 


0 = loop unlocked 
1 = loop locked. 
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APPLICATION INFORMATION 


30V 
9V = 
pi 22nF 
5,2V = Cc 5V OV 
22nF 182 SAA1056 (SAA1056) 


ele Vec3  Vec4 


an 
AM 
2| | | 
° nF 
N 


NE535 
local Vtuning 
oca =] 
oscillators 22 sli io a: 10k2 
nF 3,3 1yF 
kQ 
R2 


4MHz 
FIN 


1OMQ  1kQ 
td 


PROGRAM. 


CMOOD 
DIVIDER 


ea see 47 pF 
‘a ‘4 ‘- 


DECODER 


16-BIT SHIFT 
REGISTER 


Vop 
QV 


CBUS 


Vss 


TEST N 


BUS CONTROL 


SAA1056P 


7279696.2 


Fig. 8 A practical digital frequency synthesizer for a radio receiver. 
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RADIO TUNING PLL FREQUENCY SYNTHESIZER 


The SAA1057 is a single chip frequency synthesizer IC in !7L technology, which performs all the 
tuning functions of a PLL radio tuning system. The IC is applicable to all types of radio receivers, 


e.g. car radios, hi-fi radios and portable radios. 


Features 
@ On-chip prescaler with up to 120 MHz input frequency. 


@ On-chip AM and FM input amplifiers with high sensitivity (30 mV and 10 mV respectively). 
@ Low current drain (typically 16 mA for AM and 20 mA for FM) over a wide supply voltage range 


(3,6 V to 12 V). 


Only one reference frequency for both AM and FM. 


Serial 3-line bus interface to a microcomputer. 
Test/features. 


QUICK REFERENCE DATA 


Supply voltage ranges 


Supply currents 


Input frequency ranges 
at pin FAM 
at pin FFM 


Maximum crystal input frequency 


Operating ambient temperature range 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 


Vcc1 
Vcc2 
Vcc3 


lcc1+!cc2 
ICCc3 


fFAM 
TFEM 


*XTAL 
Tamb 


On-chip amplifier for loop filter for both AM and FM (up to 30 V tuning voltage). 
On-chip programmable current amplifier (charge pump) to adjust the loop gain. 


High signal purity due to a sample and hold phase detector for the in-lock condition. 

High tuning speed due to a powerful digital memory phase detector during the out-lock condition. 
Tuning steps for AM are: 1 kHz or 1,25 kHz for a VCO frequency range of 512 kHz to 32 MHz. 
Tuning steps for FM are: 10 kHz or 12,5 kHz for a VCO frequency range of 70 MHz to 120 MHz. 


3,6t0 12 V 
3,6 to 12 V 
Vec2 to 31 V 


typ. 18 mA 
typ. 0,8 mA 


512 kHz to 32 MHz 
70 to 120 MHz 


> 4 MHz 
—25 to+ 80 °C 
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TR TCA TCB IN Vcc3 


SAMPLE 


15-BIT 4 
PROGRAM- IN- LOCK 
OUT 
DCA MABLE See COUNTER | 
DIVIDER 


DETECTOR 


PROGRAMMABLE 
z CURRENT 
AMPLIFIER 


DIGITAL REFERENCE 
PHASE DIVIDER aia XTAL 
DETECTOR + 100/125 c 


Vv 
EE 
LATCH A LATCH B TEST/ TEST 
15 BITS 15 BITS : FEATURES 
CLB & SAA1057 
CONTROL 
16-BIT SHIFT REGISTER 


Fig. 1 Block diagram. 


DCS 


7283975.2 


GENERAL DESCRIPTION 


The SAA1057 performs the entire PLL synthesizer function (from frequency inputs to tuning voltage 

output) for all types of radios with the AM and FM frequency ranges. 

The circuit comprises the following: 

® Separate input amplifiers for the AM and FM VCO-signals. 

A divider-by-10 for the FM channel. 

A multiplexer which selects the AM or FM input. 

A 15-bit programmable divider for selecting the required frequency. 

A sample and hold phase detector for the in-lock condition, to achieve the high spectral purity of 

the VCO signal. 

@ A digital memory frequency/phase detector, which operates at a 32 times higher frequency than 
the sample and hold phase detector, so fast tuning can be achieved. 

® An in-lock counter detects when the system is in-lock. The digital phase detector is switched-off 
automatically when an in-lock condition is detected. 

© A reference frequency oscillator followed by a reference divider. The frequency is generated by a 
4 MHz quartz crystal. The reference frequency can be chosen either 32 kHz or 40 kHz for the 
digital phase detector (that means 1 kHz and 1,25 kHz for the sample and hold phase detector), 
which results in tuning steps of 1 kHz and 1,25 kHz for AM, and 10 kHz and 12,5 kHz for FM. 

@ A programmable current amplifier (charge pump), which controls the output current of both the 
digital and the sample/hold phase detector in a range of 40 dB. It also allows the loop gain of the 
tuning system to be adjusted by the microcomputer. . 

@ A tuning voltage amplifier, which can deliver a tuning voltage of up to 30 V. 

@ BUS; this circuitry consists of a format control part, a 16-bit shift register and two 15-bit latches. 
Latch A contains the to be tuned frequency information in a binary code. This binary-coded num- 
ber, multiplied by the tuning spacing, is equal to the synthesized frequency. The programmable divider 
(without the fixed divide-by-10 prescaler for FM) can be programmed in a range between 512 and 
32 767 (see Fig. 3). Latch B contains the control information. 
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OPERATION DESCRIPTION 


Control information 


The following functions can be controlled with the data word bits in latch B. For data word format 
and bit position see Fig. 3. 


FM FM/AM selection; ‘1’ = FM, ‘0’ = AM 

REFH _ reference frequency selection; ‘1’ = 1,25 kHz, ‘0’ = 1 kHz (sample and hold phase detector) 
CP3 

CP2 control bits for the programmable current amplifier 

CP1 (see section Characteristics) 

CPO 


SB2 enables last 8 bits (SLA to TO) of data word B; 
| ‘1’ = enables, ‘0’ = disables; when programmed ‘0’, the last 8 bits 
of data word B will be set to ‘0’ automatically 


SLA load mode of latch A; ‘1’ = synchronous, ‘0’ = asynchronous 


PDM1 | 
PDMoO | 


phase detector mode 


PDM1 digital phase 
detector 
0 


automatic 
on/off 
on 
off 
BRM bus receiver mode bit; in this mode the supply current of the BUS 


receiver will be switched-off automatically after a data transmission 
(current-draw is reduced); ‘1’ = current switched; ‘0’ = current always on 


T3 test bit; must be programmed always ‘0’ 

T2 test bit; selects the reference frequency (32 or 40 kHz) to the TEST pin 
T1 test bit; must be programmed always ‘O’ 

TO test bit; selects the output of the programmable counter to the TEST pin 


reference frequency 


output programmable counter 


output in-lock counter 
‘0’ = out-lock 
= in-lock 
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DLEN “ZA | rere 


= 


> iE <— tL Zu") tDLENhold > <— — tpist le 
'CLB lead =] = ~«<— 'CLBlag1 tCLBiag2 las) I 
toLet le = ~<-'DATAhold 
tDATA lead 
DATA =e a 
> ~— test leading zero 7283974.) 
bit no. 0 1 2 15 16 


Fig. 2 BUS format. 


(1) During the zero set-up time (tj 7.) CLB can be LOW or HIGH, but no transient of the signal is 


permitted. This can be of use when an |?C bus is used for other devices on the same data and clock 
lines. 


DATA WORD A 


oe Ja internet ee RN A nn 


bits stored in latch A 
512 < dividing number < 32767 


[re [ern] ors [ove [or [oro [see [sia [romfrowafenu] ve [ve Dr | wo 


Saat anaes 
bits stored in latch B 7283973 


Fig. 3 Bit organization of data words A and B. 
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Radio tuning PLL frequency synthesizer SAA1057 


PINNING 
TEST 1 TR resistor/capacitors 
2 TCA for sample and 
a 3  TCB hold circuit 
Voc2 4 bDcs decoupling of supply 
VEE 5 IN input of output amplifier 
RRA Gip 6 OUT output of output amplifier 
7 Vec3 positive supply voltage of 
ore output amplifier 
DATA 8 FFM FM signal input 
FAM 9 Vcc positive supply voltage of 
high frequency logic part 
110] DCA 
10 DCA decoupling of input 
yeeyet amplifiers 
11 FAM AM signal input 
Fig. 4 Pinning diagram. 12 DATA 
13 DLEN BUS 
14 CLB 
15 VEE ground 
16 Vec2 positive supply voltage of 
low frequency logic part and 
analogue part 
17. XTAL reference oscillator input 
18 TEST test output 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage; logic and analogue part Vec1: Vec2 —0,3 to 13,2 V 
Supply voltage; output amplifier Vcc3 Vec2 to+32 V 
Total power dissipation Prot max. 800 mW 
Operating ambient temperature range Tamb —30 to +85 °C 
Storage temperature range Tstg —65 to + 150 °C 
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CHARACTERISTICS 


Vee =O V; Vec1 = Vec2 = 5 V: Vec3 = 30 V: Tamb = 25 OC; unless otherwise specified 


cence ne et aad 


Supply voltages 


Supply currents* 
AM mode 


FM mode 


Operating ambient 
temperature 


RF inputs (FAM, FFM) 
AM input frequency 

FM input frequency 
Input voltage at FAM 
Input voltage at FFM 
Input resistance at FAM 
Input resistance at FFM 
Input capacitance at FAM 
Input capacitance at FFM 


Voltage ratio allowed 
between selected and 
non-selected input 


Crystal oscillator (XTAL) 
Maximum input frequency 


Crystal series resistance 


BUS inputs (DLEN, CLB, 
DATA) 


Input voltage LOW 
Input voltage HIGH 
Input current LOW 
Input current HIGH 


in-lock: BRM = ‘1°; 
PDM = ‘0' 
louT = 0 


ltot =!ec01 + Iec2 


512 kHz 
70 
30 


see note 1 


* When the bus is in the active mode (see BRM in Control Information), 4,5 mA should be added to the 


figures given. 


150 November 1983 


Radio tuning PLL frequency synthesizer SAA1057 


CHARACTERISTICS (continued) 
VEE =9V; Vec1 = Vec2 = 5 V: Vec3 = 30 V; Tamb = 25 OC; unless otherwise specified 


BUS inputs timing 

(DLEN, CLB, DATA) 
Lead time for CLB to DLEN tCLBlead 1 a — us 
Lead time for DATA to 

the first CLB pulse tTlead 0,5 = — ps 
Set-up time for DLEN 

to CLB tCLBlag1 5 — — ps 
CLB pulse width HIGH tCLBH 


see also Fig. 2 and 
note 2 


on 
| 
| 
x = 
"nn 


CLB pulse width LOW tCLBL 5 — — ws 
Set-up time for DATA 
to CLB tDATAlead 2 = ~ HS 
Hold time for DATA to CLB tp ATAhold 0 _ — ps 
Hold time for DLEN to CLB tp LENhold 2 _ — us 
Set-up time for DLEN to 
CLB load pulse tCLBlag2 2 — — pS a 
Busy time from load pulse ae ee 
t t toft issi — a : 
O next start of transmission | tpiST 5 Us ea nt ha peeved 
Busy time or 
asynchronous mode tp IST 0,3 — — ms next transmission 
synchronous mode tp IST 1,3 = — ms to SAA1057 
after word ‘A’ | 
| (see also note 5) 
Sample and hold circuit | 
(TR, TCA, TCB) | see also notes 3; 4 
Minimum output voltage VTCA: _ 1,3 — V 
VTCB 
Maximum output voltage _ — Vec2—-0,7 V 
Capacitance at TCA — — 2,2 nF | REFH =‘1' 
(external) — — 2,7 nF | REFH = ‘0’ 
Discharge time at TCA — — 5 pws } REFH =‘1’ 


= = 6,25 us | REFH =‘0' 


external 


Resistance at TR 


Voltage at TR during 
discharge 


Capacitance at TCB external 


Bias current into TCA, TCB 


in-lock 
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SAA1057 


CHARACTERISTICS (continued) 
VEE =0V;Vec1 = Vec2 = 5 V: Vec3 = 30 V; Tamb = 25 °C; unless otherwise specified 


Programmable current 

amplifier (PCA) 
Output current of the 

dig. phase detector + Idig 
Current gain of PCA 


Vcc2 2 5 V (only for P1) 


Ratio between the output 
current of S/H into PCA 
and the voltage on 
CTCB STCB 


Offset voltage on TCB AVTCB in-lock 


Output amplifier (IN,OUT) 


in-lock ; equal to 
Input voltage VIN internal reference voltage 
Output voltages 
minimum VOUT —lQUT =1mMA 
maximum VOUT louT=1mA 
maximum VOUT louT =90,1 mA 


Maximum output current {+ IQUT Vout = 2 Vcc3 


Test output (TEST)* 
Output voltage LOW VTL 
Output voltage HIGH VTH 


Output current OF F IToff VTH 


Output current ON ITon VTL 


Ripple rejection* * 
at fripple = 100 Hz 
AVcc1/AVouT 
AVcc2/AVoUT 
AVcec3/AVouT 


Vout <Vcc3-3 V 


* Open collector output. 
** Measured in Fig. 6. 
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Radio tuning PLL frequency synthesizer SAA1057 


NOTES 


1. Pin 17 (XTAL) can also be used as input for an external clock. 
The circuit for that is given in Fig. 5. The values given in Fig. 5 are a typical application example. 


tn 7283970 


Fig. 5 Circuit configuration showing external 4 MHz clock. 
2. See BUS information in section ‘operation description’. 


3. The output voltage at TCB and TCA is typically % Vecp+0,3 V when the tuning system is in-lock 
via the sample and hold phase detector. The control voltage at TCB is defined as the difference 
between the actual voltage at TCB and the value calculated from the formula % Vcc7t0,3 V. 


4. Crystal oscillator frequency fytayt = 4 MHz. 


5. The busy-time after word “‘A”’ to another device which has more clock pulses than the SAA 1057 
(> 17) must be the same as the busy-time for a next transmission to the SAA1057. 
When the other device has a separate DLEN or has less clock pulses than the SAA1057 it is not 
necessary to keep to this busy-time, 5 us will be sufficient. 


APPLICATION INFORMATION 
Initialize procedure 


Either a train of at least 10 clock pulses should be applied to the clock input (CLB) or word B should 
be transmitted, to achieve proper initialization of the device. 

For the complete initialization (defining all control! bits) a transmission of word B should follow. This 
means that the IC is ready to accept word A. 


Synchronous/asynchronous operation 


Synchronous loading of the frequency word into the programmable counter can be achieved when bit 
‘SLA’ of word B is set to ‘1’. This mode should be used for small frequency steps where low tuning noise 
is important (e.g. search and manual tuning). This mode should not be used for frequency changes of 
more than 31 tuning steps. In this case asynchronous loading is necessary. This is achieved by setting 

bit ‘SLA’ to ‘0’. The in-lock condition will then be reached more quickly, because the frequency infor- 
mation is loaded immediately into the divider. 


Restrictions to the use of the programmable current amplifier 


The lowest current gain (0,023) must not be used in the in-lock condition when the supply voltage 
Vcc2 is below 5 V (CP3, CP2, CP1 and CPO are all set to ‘0’). This is to avoid possible instability of the 
loop due to a too small range of the sample and hold phase detector in this condition (see also section 
‘Characteristics’). 


Transient times of the bus signals 


When the SAA1057 is operating in a system with continuous activity on the bus lines, the transient 
times at the bus inputs should not be less than 100 ns. Otherwise the signal-to-noise ratio of the tuning 
voltage is reduced. 
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SAA1057 


| 
| TUNER 
| 


A7 pF : 
tuning 
y il } voltage 
! 
10 nF * 100 nF!) 
\ 
180 2 
S SAA1057 ia 
FM oscillator OF 
AM oscillator 22 nF 1 
(2; =2kQ) 
DLEN CLB DATA 27 pF 
7Z83972.1 


BUS 


(1) Values depend on the tuner diode characteristics. 


Fig. 6 Application example of the SAA1057PLL frequency synthesizer module. 
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SAA1060 


LED DISPLAY/INTERFACE CIRCUIT 


Q,; QA Q3 A, Ag Ag Az i > Q49 944 i eee ae 


16 OUTPUT STAGES 


16 BIT- DATA LATCH B 


SAA1060 


16 BIT-DATA LATCHA 


17 BIT-SHIFT REGISTER 


BUS CONTROL 
8 5 
DUP LOEX DATA DLEN- CLB 


Features Fig. 1 Block diagram. 


Driving 7, 14, 16-segment displays. 

Driving linear displays, bar graph displays for analogue functions. 

Serial to parallel decoder. 

Bus control for the selection of 18-bit words. 

2 x 16-bit latch. 

Duplex operation for two modes of output: static (16 bit) or dynamic (2 x 16 bit). 
Data transfer control. 

2 outputs for higher output current (80 mA). 


QUICK REFERENCE DATA 


Supply voltage range Vcc 4to6 V 
Operating ambient temperature range Tamb —20 to +80 °C 
Maximum input frequency fy typ. 50 kHz 
Supply current Icc typ. 60 mA 
Output current lo e 40 mA 
Output current (Og and 046 only) lo < 80 mA 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 


May 1979 


7278907.1 
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SAA1060 


GENERAL DESCRIPTION 


The integrated circuit SAA1060 is primarily designed to drive the display unit of a digital tuning 
system. It can also be used as a 16-bit serial to parallel decoder. Since the device has no decoder (this 
is handled by a microcomputer), it has many applications: 

@ driving 7-segment displays 

driving 14-segment displays 

driving linear displays, e.g. pointer, bar graph 

static output of switch-functions 

digital to analogue converter, with external R-2R network 

@ extension of the number of outputs for microprocessors or microcomputers. 


Data transmission is initiated by means of a burst of clock pulses (CLB), a data line enable signal 
(DLEN) and the data signal (DATA). The bus control circuit distinguishes between interference and 
valid data by checking word length (17 bits) and the leading zero. This allows different bus infor- 
mation to be supplied on the same bus lines for other circuits (e.g. SAA1056 with 16 bits). 


The last bit (bit 17) of the data word contains the information which of the two internal latches will 
be loaded. The input LOEX determines if the latched data of selected latches is presented directly to 
the outputs, or synchronized with the data select signal DUP. 


The output stages are n-p-n transistors with open collectors. The current capability is designed for the 
requirements of duplex operation. Two of the outputs (Qg and O46) are arranged for double current, 
so that 2 x 2 segments can be connected in parallel. 


OPERATION DESCRIPTION 
Data inputs (DLEN, DATA) 


The SAA1060 processes serially the 18-bit data words synchronized with the clock burst (CLB) and 
applied to the data input DATA. A command will be accepted only when the data line enable input 
(DLEN) is HIGH (see Fig. 3). 

qth bit 1st bit 


4 
load} P| O|n/|imMIicI «Kg H 1G 
bit | 216 | O15 | A214 | O43 | 272 | 977} P10 Qg | Q7 


7278909 leading zero 


Fig. 2 Organization of a data word. 


Condition for 17th bit: 
0 = load data latch B 
1 = load data latch A 


The loading of the accepted information in one of the data latches is done by the 19th clock pulse, 
when DLEN is LOW. . 
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LED display/interface circuit SAA1060 


load pulse 


H 
DLEN 
L 


data word ———-________» 


, 7278908 
—~!| |< test leading zero 


Fig. 3 Pulse diagram of the 16-bit data transmission. 


Each data word must start with a leading zero. The SAA1060 checks the data word for the correct 
length (18 bits) and also for the leading zero. 

The actual data is switched directly to the appropriate outputs. For switching on a segment, a ‘0’ (LOW) 
is necessary at the appropriate data bit. 


Data selection input (DUP) 
The logic states at input DUP determine which of the two latch contents can be found on the output. 


O = latch A contents 
1 = latch B contents 


Load contro! input (LOEX) 
Input LOEX determines the operation mode in which the device is able to work. 


O = duplex mode, i.e. output synchronized with the duplex signal 
1 =d.c. mode, i.e. output direct from the by DUP selected data latch. 


When operating in duplex mode at 50 Hz, the time between two data words to be transmitted must 
be > 21 ms. 
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SAA1060 


SAA1060 


7Z78906 
Fig. 4 Pinning diagram. 


RATINGS (Ve¢ = 0) 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range Vcc —O0,3to+7 V 
Total power dissipation Prot =: max. 900 mW 
Operating ambient temperature range : Tamb —20to +80 °C 
Storage temperature range Tstg —25to+125 °C 
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LED display/interface circuit SAA1060 


CHARACTERISTICS 
VEE = 9; Tamb = 25 °C; unless otherwise specified 


V 


Supply voltage — Vcc 4 5 6 V | 
Supply current 5 lec — 60 — mA 
Inputs DATA, CLB, 
DLEN, LOEX 
input voltage HIGH <) VIH a 5 V 
input voltage LOW 5 VIL - = 1 Vv 
input current LOW 5 le = * 20 WA V,;=0 
maximum input frequency | 5 | — 50 — kHz 
Input DUP 
input voltage HIGH 5 VIH 08 — 12, OV 
input voltage LOW 5 VIL 6 - O04 V 
input current HIGH 3) LTH 001 — 12 mA 
maximum input frequency | 5 fj — 50 — kHz 
Outputs Q1 to Q7, 
Qg to 0415 
output voltage HIGH 5 | Von - —- 168 %V lon = 0 
output voltage LOW 5 | VoL = = "0,5. V lo. =40mA 
output current LOW mankevalatat 
eae nor = ‘OL = ee | sinusoidal voltage 
d.c. mode 5 lO. — 20 40 mA 
Outputs Qg and 016 
output voltage HIGH 5 VOH - -—- 168 V IoH = 0 
output voltage LOW 5 | Vat —- m= (O85 Vv lop =80mA 
output current LOW | nenieualuest 
ey ene 2 'OL ee ee ee sinusoidal voltage 
d.c. mode 5 lon — 40 80 mA 
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SAA1061 


OUTPUT PORT EXPANDER 


The SAA1061 is a MOS N-channel output port expander circuit, which converts serial input data 
into parallel output information. The IC is used in combination with a microcomputer. 


Features 


@ Bus control for the selection of 18-bit words. 

16-bit latch and low-ohmic driver outputs. 

Pin compatible with the SAA1060, except the SAA1061 has no duplex mode. 

Address selection inputs; up to four SAA1061 circuits can be operated from a common CBUS. 


QUICK REFERENCE DATA 


Supply voltage VDD typ. 5 V 

Operating ambient temperature range : Tamb —20 to +80 °C 
Supply current IpDp typ. 9 mA 
Output current per output lo typ. 15 mA 


0, 92 03 Og Of, O8 97 Og Og OiQ 944 O4n 943 944 045 O16 


PPR PPP RP PPP ee 
16 OUTPUT STAGE 


16-BIT LATCH 
CBUS RECEIVER 
& INPUT FORMAT CHECK SAA1061 


fo ts ts ty 


7284675 


CLB DLEN DATA Ag Ay 
ayn ae 
V V 
DD SS CBUS address inputs 


Fig. 1 Block diagram. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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SAA1061 


PINNING 
O16 6 VDD positive supply (+5 V) 
15,19 Vss ground (0 V) 
O11 
Inputs 
O, 5 8 DATA — data word | 
9 CLB clock burst CBUS 
Ay ays DLEN data line enable J 
7 Ao address bit SO 
DLEN 4 Aj address bit $1 
Outputs 
YDD 14 0 
SAA1061 ie 0» 
A 
0 21 03 
24 O04 
DATA 23 Os 
20 O06 
SEP He a driver outputs O1 to 04¢ 
O 18 Ae - corresponding with the data 
12 9 bits 1 to 16 of the data word. 
22 010 
O 2 014 
M 10 012 
12 O 
O 13 
13 11 O14 
3 015 
7284676 1 016 


Fig. 2 Pinning diagram. 


GENERAL DESCRIPTION 


The SAA1061 is an addressable output port expander for use in microcomputer controlled systems. It 
converts serial input data into parallel output information. The circuit comprises a CBUS receiver, 
logic to check input format, a 16-bit serial/parallel converter, latches and drivers for the parallel 
outputs. 


This universal device can be used for e.g.: 

®@ static output of switch-functions 

@ extension of the number of outputs for microcomputers or microprocessors 
@ driving maximum 16-segment LEDs; e.g. 7, 4 or 16-segment displays 

@ driving linear displays (pointer, bar graph) 

@ digital to analogue conversion with external resistor network. 


The data is transmitted via the 3-line CBUS from the microcomputer. If the data transmission is valid, 
the data are transferred by a load pulse via the latch to the driver output. Each data transmission is 
checked for word length (18-bit) by the on-chip word format control circuitry. This allows different 
bus information to be supplied on the same bus lines for other circuits. 


The address inputs Ag and Aq determine four address possibilities. A data transmission only takes 
place if the programmed addresses correspond with the address bits SO and $1. 
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Output port expander SAA1061 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Vpp —0,3to+7,5 V 
Input voltage range V\ —0,3to +15 V 
Input current +1) max. 10 mA 
Output voltage range Vo —0,3 to+ 16,5 V 
Output current per output +10 max. 20 mA 
Power dissipation per output Po max. 7,5 mW 
Total power dissipation per package Prot max. 300 mW 
Operating ambient temperature range Tamb —20 to +80 °C 
Storage temperature range T stg —20 to +125 °C 


CHARACTERISTICS 
Vss = 0 V; Vpp = 5 V: Tamb = —20 to + 80 °C; unless otherwise specified 


Supply voltage 5 
Supply current — 


Inputs CLB, DLEN, DATA, Ao, A4 
Tamb = 25 °C 
Input voltage LOW — 
Input voltage HIGH — 
Input leakage current — V;=—0,3 to+ 15 V 


Outputs Oj to 046 (open drain) 
Output voltage LOW = lol = 15mA 

Output leakage current HIGH = VOH = 16,5 V 

Rise and fall times — VoL= 1,5 V; VoH=138,5V 


CBUS timing 
Rise and fall times = 


Data set-up time 
DATA —*» CLB = 


Data hold time 
DATA —*» CLB _ 


Enable set-up time see Fig. 3 


DLEN —» CLB a 


Disable set-up time 
CLB —*» DLEN — 


Set-up time 
DLEN —® CLB (load pulse) — 


CLB pulse width HIGH/LOW = 
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SAA1061 


iA 90% 90% 
DLEN 
L 10% 
Vit 
V a 
IH 90% 
CLB 
110% - 10% 
VIL ae -_ 
—_ —<— lf 


—_— 
ViH 2% ae aa 
~ lh LK Ar 
10% 
VIL | 


—r ~-—— mee —»> —<——e| <-> 

tSUEN SUDA | la tuppa © ‘sub! 'SULD 

a—— tw peer <———— tWL ——> 

ENABLE DATA DATA DISABLE LOAD 
7284541.1 


Fig. 3 CBUS timing. 


OPERATION DESCRIPTION 
1. CBUS transmission 


The data words are entered via a serial CBUS interface. A clock burst of 18 clock periods is used to 
transmit the 16-bit data word, plus 2 identifier bits. 


Serial data words, which are synchronized with the clock burst (CLB), are accepted if the enable input 
DLEN is HIGH at the same time. Each transmission is checked for word length (number of clock 
pulses during DLEN is HIGH) and the address bits SO and $1. 


The valid data flag is only set if: 
1. Word length is correct; 2 address bits and 16 data bits. 
2. Address bits SO and S1 correspond with Ag and A4. 


Loading the information into the selected latch register is done by the load pulse (first clock pulse 
after the HIGH-to-LOW transition of DLEN) if the address bits correspond with Ag and Ay. The load 
pulse or a new LOW-to-HIGH transition of DLEN resets the valid data flag. Only after the valid data 
flag is reset, will new data be accepted. 


7Z84680 


Fig. 4 Data word organization. 
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Output port expander SAA1061 


DLEN "ZA | | , 
L 


—| tausy |+— 
CLB 


load pulse 


H 
DATA 


bit no. 0 1 Z n 7284542 .1 


Fig. 5 CBUS data transmission. 


Definitions to Figs 4 and 5: 

@ Word length: number of clock pulses during DLEN is active (HIGH); n+ 1 bits = 18 bits. 
Bit number O is for the SAA1061 SO. 

Data bits: bit numbers 1 to n-1 (16-bits); bit no. n is $1. 

Load pulse: first clock pulse after DLEN returns to inactive (LOW). 


2 Address inputs Ag and Ay 


The 1st bit (bit SO) and the 18th bit (bit S1) of the data word are the address bits. 
Data is accepted only if the addresses correspond to the programmed addresses at inputs Ag and Aj, 
that is for: 


Ag = SO and Aq =S1. 


3 Data outputs O71 to 016 


The outputs 0; to 046 correspond with the data bits 1 to n-1 (16-bits). The open drain driver outputs 
(O01 to 046) are switched to ground (O,, = LOW), if the corresponding data bit is LOW, 


4 Power-on reset 


The circuit generates internally a reset-cycle after switching on the supply and the outputs become 
high-ohmic (HIGH). 
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SAA1062A 
SAA1062AT 


LCD DISPLAY/INTERFACE CIRCUIT 


GENERAL DESCRIPTION 


The SAA1062A is designed to drive a Liquid Crystal Display (LCD) of a digital tuning system. It contains 
a shift register with programmable length (18 or 21 bits), latches, both synchronized or static, exclusive- 
OR segment drivers (17 or 20 bits), an |.f. oscillator and a backplane driver for the LCD. The circuit is 
designed to be driven by a 3 bus structure from a microcomputer and can also be used as a programm- 
able 17 or 20 bits serial-to-parallel decoder. It is also capable of storing 40 bits of information. 


Features 


Driving 7 to 20-segment displays. 

Driving linear displays. 

Serial to parallel decoder of digital signals. 

Bus control for the selection of 18/21-bit words. 
17/20-bit latch. 

A.C. segment drive. 

On-chip oscillator. 


QUICK REFERENCE DATA 


Supply voltage range Vcc 42t05,5 V 
Operating ambient temperature range Tamb —20 to+70 °C 
Maximum input frequency fj typ. 50 kHz 
Supply current Icc typ. 3,5 mA 


Output current (Q1 to Q99) lo > 60 uA 


PACKAGE OUTLINES 


SAA1062A_ : 28-lead DIL; plastic (SOT-117). 
SAA1062AT: 28-lead mini-pack; plastic (SO-28; SOT-136A). 


December 1982 167 


SAA1062A 
SAA1062AT 


SAA1062 


7278899 


Fig. 1 Pinning diagram. 
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Fig. 2 Block diagram. 
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SAA1062A 
SAA1062AT 


OPERATION DESCRIPTION 


The input information for this device consists of a data bus with 18 or 21 bits words, an external clock 
synchronized with the data bus and an enable signal. The organization of these signals is given in Fig. 3. 
These signals are handled by the BUS CONTROL circuit in which the decision is made whether these 
signals are valid for the device. It contains a leading zero detector (start condition of reception) and a 
data-length control. Leading zerois detected when the data signal is LOW and the DLEN signal is HIGH, 
during the first HIGH period of the clock signal. During the HIGH period of DLEN, the length control 
determines if the clock signal consists of the programmed number of pulses (18 or 21). This last func- 
tion permits the user to supply other information on the same signal lines. 


Furthermore the bus control prevents the device from accepting inferferences on the signal lines. While 
leading zero is detected, the shift register is set and for a proper leading zero the following data is 
shifted into this register. The Q,, position of the first bit of the register is shifted into the last bit, if the 
length of the data and the clock input are correct. Incorrect length of the information is detected by 
checking the value of the last bit of the programmed register. If the data transmission has been accepted 
properly, the bus control stage generates a valid pulse (LOL). 

This pulse enables the load control circuit to load the contents of the register into the output latch 
immediately. On the first edge of the backplane driver signal ‘“AC out/EL in” following on this ‘‘LOL” 
pulse, the new information of this latch is transferred to the output driver which also contains a latch. 
With this ability it is possible to load the device with 20 bits and also to transfer this data to the 
segment outputs. Furthermore, the SR can be reloaded by a second complete load procedure without 
a load enable clock pulse. This causes the SR to contain 20 bits and the output latches another 20 bits 
of information. 

The output driver also contains an EXCLUSIVE-OR which is driven by the backplane driver signal and 
the latch output. The segment driver output signal is in phase with the output of the backplane driver 
when the input data is HIGH (‘1’) and 180° out-of-phase when the input data is LOW (’’0”). 

In the static or slave mode, the backplane output can be used as input by connecting pin 6 to ground 
or Vcc. The IC now can operate as a static driver or as a synchronized slave. 


The I.f. oscillator consists of a triangle generator of the I-21 principle. It only needs an external capaci- 
tor to fix the frequency. As both amplitude and current are temperature compensated, this frequency 
is more or less independent of pn temperature. An internal switching signal of this generator is divided 
by 4 to attain a symmetrical output for the backplane driver (pin 8) of nominal 60 Hz for an external 
capacitor of 22 nF. 


The backplane driver is able to drive a 40 bits display. 


The bit length of the shift register is programmed with BLS (Bit Length Selector) (pin 7). If BLS is 
kept LOW the DATA bit length is 20; for BLS open or HIGH a DATA bit length of 17 is selected. 
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Fig. 3 Organization of 18 and 21 bit words; DATA = LOW means segment ‘on’. 
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RATINGS (Veg = 0) 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 


Vcc max. 6 V 
Total power dissipation at Tamp = 100 °C 
derate linearly with 0,02 W/°C Prot max. 500 mW 
Operating ambient temperature range Tamb —25 to+ 125 °C 
Storage temperature range : Tstg —55 to+ 125 °C 


CHARACTERISTICS 
VEE =90; Voc = 5 V; Tamb = 25 OC; unless otherwise specified 


Supply voltage 
Supply current 


Inputs CLB, DLEN, DATA, BLS 
input voltage HIGH 
input voltage LOW 


maximum input frequency 


Input Cayy 
input voltage HIGH static mode 
input voltage LOW sync. slave mode 


input current HIGH 
input current LOW 


Input AC/EL (in slave mode) 
input voltage HIGH 
input voltage LOW 


& 


Output Coy¢ (oscillator mode) 
oscillator frequency 
Output stage backplane (AC/EL) 
output current sink/source 
Output Q4 to O99 
output current sink/source 
d.c. rest voltage between 
pin 8 (AC/EL) and one of 
the segment drivers (see Fig. 4) 
segment ‘on’ situation 
segment ‘off’ situation 


Acie. 72 a | | 
secment *° 
DRIVER fet Fig. 4 AC/EL and segment driver pulses. 


7Z86856 The d.c. voltage for segment ‘on’ is about 5 V. 
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Fig. 1 Block diagram. 


Features: 


Transmitter for 32 x 64 commands. 

One transmitter for the control of 32 systems. 

Very low current consumption. 

Suitable for infrared transmission link. 

Transmission by biphase technique. 

Short transmission times; speed-up of system reaction time. 
LC-controlled oscillator; no crystal required. 


QUICK REFERENCE DATA 


Supply voltage range VppD 4,75 to 12,6 V 
Operating ambient temperature range Tamb —25 to +85 °C 
Minimum oscillator input frequency fosc| 75 kHz 


Quiescent current 
Vpp = 12,6 V; Iq = 0; Tamb = 25 OC IDpb max. 10 vA 


PACKAGE OUTLINE 28-lead DIL; plastic (SOT-117). 
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GENERAL DESCRIPTION 


The SAA1082P is intended for a general purpose infrared remote control system. The device is 
implemented in LOCMOS technology. 

The circuit can generate 2048 different commands and utilizes a keyboard with a single-pole switch 
per key. 

The commands are arranged such that 32 systems can be addressed, containing 64 different commands 
each. The keyboard interconnection is shown in Fig. 2. 

The circuit response to legal (one key depressed at a time) and illegal (more than one key depressed at 
a time) keyboard operation is specified later in this publication (see NOTE). 


OPERATION DESCRIPTION 
Combined system mode (SSM = LOW) 


Legal key depression either in the X-DR or Z-DR matrix starts the debounce cycle. When the contact is 
made for two bit times without interruption, the oscillator enable signal is latched and the key may be 
released. Interruption within the two bit times resets the internal action. At the end of the debounce 
time, the DR-outputs are switched off and two scan cycles are started, switching on the DR-outputs 
one by one. When a Z or X-input senses a LOW level, a latch-enable signal is fed to the system address 
or command latches depending on whether sensing was found in the Z or X-input matrix. After 
latching a system address number, the IC will generate the last command (i.e. all command bits ‘1’) in 
the chosen system as long as the key is depressed. Latching of a command number causes the IC to 
generate this command together with the system address number stored in the system address latch. 
Releasing the key will reset the internal action if no data is transmitted at that time. Once the trans- 
mission is started, the signa! will be finished completely. 


Single system mode (SSM = HIGH) 


Only legal key depression in the X-DR matrix starts the debounce cycle. When the contact is made for 
two bit times without interruption, the oscillator enable signal is latched and the key may be released. 
Interruption within the two bit times resets the internal action. At the end of the debounce time, the 
pull-up transistors in the X-lines are switched off, those in the Z-lines are switched on during the first 
scan cycle. The wired connection in the Z-matrix is then translated into a system address number and 
stored in the system address latch. At the end of the first scan cycle the pull-up resistors in the Z-lines 
are switched off and the inputs are disabled again, while the transistors in the X-lines are switched on. 
The second scan cycle produces the command number which, after latching, is transmitted together 
with the system address number. 


The scan cycles are repeated before every code transmission, so that even by ‘take-over’ of key 
depression during code transmission the right system and command numbers are generated. 


Inputs 


The command inputs XO to X7 carry a logical ‘1’ in the quiescent state by means of an internal pull- 
up transistor. When the system mode selection input SSM is LOW, the system inputs ZO to Z3 carry 
also a logical ‘1’ in the quiescent state by means of an internal pull-up transistor. 

When SSM is HIGH, the transistors are switched off. No current can than flow via the wired connection 
in the Z-DR matrix. 


Oscillator 


OSCI and OSCO are the input and the output respectively of a 2-pins LC-oscillator. The oscillator is 
formed externally by one inductor and two capacitors. 
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Key-release detection 


An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important in case of multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The 
control bit will only be complemented after finishing of at least one code transmission. The scan cycles 
are repeated before every code transmission, so that, even by ‘take-over’ of key depression during code 
transmission, the right system and command numbers are generated. 


Outputs 


The output DATA carries the generated information according to the format given in Fig. 3 and Tables 
1 and 2. 
The code will be transmitted in biphase; logical ‘ones (1) and zeroes (O)’ are given in Fig. 4. 


The code consists of four parts: 

@ Start part formed by 2 bits (twice a logical ‘1’), 
® Control part formed by 1 bit, 

@ System part formed by 5 bits, - 

@ Command part formed by 6 bits. 


The output MDATA carries the same information as output DATA, but in a modulated way. Each bit 

is presented as a burst of 16 oscillator periods. 

In the quiescent state, both outputs are non-conducting (3-state outputs). 

The scan drivers DRO to DR7 are of the open drain N-channel type and are conducting in the quiescent 
state of the circuit. After a legal key depression, a scanning procedure is started so that they are switched 
into the conductive state one after the other. 


Reset action 


The circuit will be reset immediately when a key release occurs during: 
@ debounce time, 
@ between two codes. 


When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
® key is released while one of the driver outputs is in the low-ohmic ‘0’ state, 

® key is released before detection of that key, 

® there is no wired connection in the Z-DR matrix while SSM = HIGH. 


Test pin 


The test pin TP is an input which can be used for testing purposes. 

When LOW, the circuit operates normally. 

When HIGH, all pull-up transistors are switched off, the control bit is set to zero and the output data Is 
2° times faster than normal. 

When Z2 = Z3 = LOW, the counter will be reset to zero. 
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(1) Programming inputs for operation modes 


) 
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( 


1) 


( 


test mode and reset. 
(2) Remote signal outputs. 


(3) Command code matrix 8 x 8. 
(4) System code matrix 4 x 8. 


Fig. 2 Keyboard interconnection. 
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1 CODE 


debounce 


LSB MSB 
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5 system P | < command ____ 
address bits bits 


start 


<— start bits 


— ~<t— scan time 


——_—_—_——. data word time = 13'/5 bit time ———————_» 


2 CODES SUCCESSIVELY 


1st ~~ 2nd 


—_— — 
code code 


start 
—_—______—_———_ repetition time = 64 bit times ———_> 


7282858 


Fig. 3 Data output format. 


digital ‘1’ digital ’0’ 


<—— 1 bit time —— +! 


7282856 


Fig. 4 Biphase transmission code; 1 bit time = 27 x Tosgc, where Tog is the oscillator period time. 


NOTE 


Every connection of one X-input and one DR-output will be recognized as a legal key depression and 
will cause the IC to generate the corresponding code. Activating more than one X-input at a time will 
be considered as an illegal activity and no action (oscillator does not start) will be taken. 

When SSM = LOW, every connection of one Z-input and one DR-output will be recognized as a legal 
key depression and will cause the IC to generate the corresponding code. Activating two or more 
Z-inputs, or Z-inputs and X-inputs, at a time will be considered as an illegal activity and no action will 
be taken. 

When SSM = HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is present the code will not be generated. . 

22 or Z3 must be connected to Vpp to avoid unwanted supply current. When one X or Z-input is 
connected to more than one DR-input, the last scan signal will be considered as legal. 

The maximum allowable value of the contact series resistance of the keyboard switches is 10 kQQ. 
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| X-lines DR-lines command bits 
X... DR... Ci, 
01234567 01234567 5432101}. 


code 
no 


command bits 
010000 
010001 
010010 


01234567 


01234567 


Table 1 Command matrix (X-DR) 
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Table 2 System matrix (Z-DR) 
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PINNING 
Vv 14 Vss negative supply (0 V) 
x7 DD 28 3=Vpp positive supply 
SSM X6 21 x0 
22 X1 
ay XS i keyboard command inputs 
5 x4 with P-channel pull-up 
Z1 X4 transistors 
26 X5 
27 X6 
Z2 X3 1 x7 
Z3 X2 
; a | keyboard system inputs 
MDATA XI 5 72 with P-channel pull-up 
SAA1082P 6 73 transistors 
DATA | XO 
2 SSM system mode selection input 
DR7 osco 19 TP test pin 
18 OSCI oscillator input 
P 
pee : 20 OSCO oscillator output 
DR5 OSCI 17 DRO 
16 DR1 
DR4 DRO 15 DR2 
13 DR3 scan driver outputs with 
DR3 | DRI 12 DR4 open drain N-channel 
1 DR5 transistors 
Vss | DR2 10 DR6 
g DR7 
eee 7 MDATA | remote signal outputs 
Fig. 5 Pinning diagram. 8 DATA | (3-state outputs) 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range Vpp —O,5to+15 V 
Input voltage range Vy —0,5 to (Vpp+0,5) V* 
Input current + max, 10 mA 
Output voltage range Vo —0,5 to (Vpp+0,5) V* 
Output current tla max. 10 mA 
Power dissipation output OSCO Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. | 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25to +85 °C 
Storage temperature range Tstg —55 to+150 °C 


* Vpp + 0,5 V should not exceed 15 V. 
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CHARACTERISTICS 
Vss = 0; Tamb = —25 to + 85 °C; unless otherwise specified. 


Supply voltage VoD 4,75 —- 12,6 V 

Quiescent supply lq = mA (all outputs) 
current; excluding X0 to X7, ZO to Z3 at 
the leakage current Vpp; all other inputs 
of the open drain at Vpp or Vss; 
N-channel outputs 12,6 IDD _ — 10 LA | Tamb = 25 OC 

Inputs 


Keyboard inputs X and 
Z with P-channel pull- 
up transistors 


Input current at each 4,75 to ah 12 = 700 pA| Vi= OV: 
input 12,6 TP = SSM = LOW 
Input voltage HIGH oo ViH |F.7Vpp —- Vpp V 
Input voltage LOW eee VIL 0 —0,3VppV 
Input leakage current 
V); = 12,6 V 12,6 liR — — 1 uA} | TP = HIGH; 
V;=O0V 12,6 —IpRp — — 1 vA! Tambp = 25 OC 
SSM, TP, OSCI inputs 
Input voltage HIGH tee |v |07VoD  — Yop V 
Input voltage LOW oe Ni 0 —O03VppV 
Input leakage current 
Vi=O0V 126 |—lp = << 1 pA|{ amb 
Outputs 
DATA, MDATA outputs 
Output voltage HIGH Be VoH |\Vpp-0,5 — — V_ | —lQy = 0,7 mA* 
Output voltage LOW | 791 I vay ~ — 04 Vv | Ig, =0,7ma* 
Output leakage current 
Vg = 12,6 V 12,6 lor — — 10 vA 
Vg = 12,6 V 12,6 lOR _ _ 1 pA! Tamb = 25 PC 
Vo=O0V 12,6 —lor _ — 20 vA 
VQg=0V 12,6 —lor _ — 2 LA! Tamb = 25 OC 
DRO to DR7 outputs er 
Output voltage LOW e - VoL —~ = 04 V J Ig, =0,7 maA* 
Output leakage current 
Vo = 12,6 V 12,6 lor — _ 10 pA 
Vg = 12,6 V 12,6 lor — — 1 LA] Tamb = 25 OC 


* See next page. 
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CHARACTERISTICS (continued) 
Vss = 0; Tamb = —25 to + 85 °C; unless otherwise specified 


a 


Outputs (continued) 
OSCO output 
Output voltage HIGH 


—IQH = 0,15 mA* 
OSCI at Vss 
—lop = 0,4 mA* 


Output voltage LOW Osc! at Vpop 


Maximum input 
_ frequency; C, = 40 pF 
see also Fig. 6 


normalized 
frequency 


a, See eee 
2 see eeae 
Peeks 
2) (ee eee 
pe ee Ee 


0 50, (pF) 100 


Fig. 6 Typical normalized input frequency as 
a function of the load capacitance. 


* This d.c. test condition protects the a.c. performance of the output. The d.c. current requirement is 
lower in the actual application. 
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APPLICATION INFORMATION 


332 
od 
CaY89 
(2x) 
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VoD 
SAA1082P 
Vss BC368 
12 
7282859 


Fig. 7 A typical transmitter output stage. 
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DEVELOPMENT DATA 


This data sheet contains advance information and SAA1099 


specifications are subject to change without notice. 


MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 


GENERAL DESCRIPTION 


The SAA1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 


Features 


@ Six frequency generators 
eight octaves per generator 
256 tones per octave 
Two noise generators 
Six noise/frequency mixers 
Twelve amplitude controllers 
Two envelope controllers 
Two 6-channel mixers/current sink analogue output stages 
TTL input compatible 
Readily interfaces to 8-bit microcontroller 
Minimal peripheral components 
Simple output filtering 


Applications 


@ Consumer games systems 
@ Home computers 

@ Electronic organs 

@ Arcade games 

@ Toys 

® Chimes/alarm clocks 


QUICK REFERENCE DATA 


Supply voltage (pin 18) Vpp _ typ. 5 V 


Supply current (pin 18) IDD typ. 55 mA 
Reference current (pin 6) lref typ. 250 yA 
Total power dissipation Prot 450 mW 


Operating ambient temperature range Tamb Oto+70 °C 


Cement 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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Fig. 1 Block diagram. 
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SAA1099 


Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


PINNING 


SAA1099 


7290786 


Fig. 2 Pinning diagram. 


PIN DESIGNATION 


< fis cas = 
Se WR Write Enable: active LOW input which operates in conjunction with CS and 
<x Ns . : 
oO AO to allow writing to the internal registers. 
5 (2 CS Chip Select: active LOW input to identify valid WR inputs to the chip. This 
= input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 
rT 3 AO Control/Address select: input used in conjunction with WR and CS to load 
2 data to the control register (AO = 0) or the address buffer (AO = 1). 
QO 4 OUTR Right channel output: a 7-level current sink analogue output for the ‘right’ 
component. This pin requires an external load resistor. 
5 OUTL Left channel output: a 7-level current sink analogue output for the ‘left’ 
component. This pin requires an external load resistor. 
6 lref Reference current supply: used to bias the current sink outputs. 
7 DTACK Data Transfer Acknowledge: open drain output, active LOW to acknowledge 
successful data transfer. On completion of the cycle DTACK is set to inactive. 
8 CLK Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 
9 Vss Ground: 0 V. 
10-17 DO-D7 Data: Data bus input. 
18 VppD Power supply: + 5 V typical. 
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FUNCTIONAL DESCRIPTION 


The following sections provide a detailed functional description of the SAA1099 as shown in the block 
diagram, Fig. 1. 


Frequency generators 


Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 30 Hz to 7,74 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone tone and to make it inaudible when required. 


The frequency ranges per octave are: 
Octave Frequency range 


30 Hz to 60 Hz 

60 Hz to 122 Hz 

122 Hz to 244 Hz 
244 Hz to 488 Hz 
489 Hz to 976 Hz 
978 Hz to 1,95 kHz 
1,95 kHz to 3,90 kHz 
3,91 kHz to 7,81 kHz 


NOOB WN HO 


Noise generators 


The two noise generators both have a programmable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 

In the event of a pre-defined noise being chosen, the output of noise generator O can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 


Noise/frequency mixers 
Six noise/frequency mixers each with four selections 


@ Channel off 

@ Frequency only 

@ Noise only 

@ Noise and frequency 


Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator O and the other three use noise generator 1. 


Amplitude controllers 


Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 

When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 
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for sound effects and music synthesis 


Envelope controllers 


Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 


Amplitude is zero 

Single attack 

Single decay 

Single attack-decay (triangular) 
Maximum amplitude 
Continuous attack 

Continuous decay 

Continuous attack-decay 


The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope made is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 

There is also the capability of controlling the ‘right’ component of the channel with inverse of the 
‘left’ component, which remains as programmed. 


A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by 
the microprocessor writing to the address buffer register. if the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative ‘non-square’ tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a8 MHz clock. 


Six-channel mixers/current sink analogue output stages 


DEVELOPMENT DATA 


Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 


Command/control select 


In order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to contro! frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 

If a continuous update of the control-register is necessary, only the control-information has to be 

written (the command-information does not change). 

if the command/contro! select (AQ) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 


Interface to microprocessor 


The SAA1099 is a data bus based !/O peripheral. Depending on the value of the command/control 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (1EC 134) 
Supply voltage (pin 18) VoD —0,3to +7,5 V 
Maximum input voltage Vi —0,3to +7,5 V 
at Vpp = 4,5 to 5,5 V Vi —0,5to +7,5 V 

Maximum output current lo max. 10 mA 
Total power dissipation Prot 450 mW 
Storage temperature range T stg —55 to +125 °C 

_ Operating ambient temperature range Tamb Oto +70 °C 
Electrostatic handling” Vas —1000 to + 1000 V 


* Equivalent to discharging a 250 uF capacitor through a 1 kQ series resistor. 
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Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


D.C. CHARACTERISTICS 
Vpp = 5 V; Tamb = 0 to 70 °C; unless otherwise specified 


parameter max. unit 
Supply 

Supply voltage 5,0 55 V 
Supply current IDD — 55 90 mA 
Reference current (note 1) lref 100 250 400 LA 


INPUTS 


Input voltage HIGH Vin 2,0 _ 6,0 V 
Input voltage LOW VIL —0,5 _ 0,8 V 
Input leakage current t+ 1h y — = 10 LA 
Input capacitance Cy _ — 10 pF 
OUTPUTS 
DTACK (open drain; note 2) 
< Output voltage LOW 
~ at Io, = 3,2 mA VOL 0 ~ 0,4 V 
= Voltage on pin 7 (OFF state) V7-9 —0,3 — 6,0 V 
s Output capacitance (OFF state) Co ~ — 10 pF 
ra} Load capacitance CL ~ - 150 pF 
u Output leakage current (OFF state) —ILoO _ _ 10 LA 
a Audio outputs (pins 4 and 5) 
With fixed Ire¢ (note 3) 
One channel on loi/lret 90 = 125 % 
Six channels on 106/6x! ref 85 as 120 % 
With lref = 250 pA; Ry = 1,1 kXV (+ 5%) 
One channel on lo1/lref 95 a 115 % 
Six channels on 1906 /6x| ref 90 _ 110 % 
Output current one channel on lot 238 _ 288 pA 
Output current six channels on log 1,38 = 1,65 mA 
With resistor supplying |ref (note 4) 
Output current one channel on lo1 155 _ 270 uA 
Output current six channels on log 0,94 — 1,65 mA 
Load resistance Ry 600 — — 92 
D.C. leakage current all channels off —ILO — _ 10 LA 
Maximum current difference between 
left and right current sinks (note 5) + lomax — ~ 15 % 
Signal-to-noise ratio (note 6) S/N — tbf — dB 
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A.C. CHARACTERISTICS 


Vpp = 5 V; Tamb = 0 to 70 °C; timing measurements taken at 2,0 V fora logic 1 and 0,8 V fora 
logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 


Bus interface timing (see Fig. 3) 
AO set-up time to CS fall 

CS LOW to WR fall 

AO set-up time to WR fall 
WR LOW time 

Data bus valid to WR rise 

DTACK fall delay from WR fall (note 7) 
AO hold time from WR HIGH 

CS hold time from WR HIGH 

Data bus hold time from WR HIGH 
DTACK rise delay from WR HIGH 
Bus cycle time (note 8) 


Bus cycle time (note 9) 


Clock input timing (see Fig. 4) 


Clock period 
Clock LOW time 
Clock HIGH time 


Notes to the characteristics 


1. Using an external constant current generator to provide a nominal | ef or external resistor 
connected to Vpp. 
2. This output is short-circuit protected to Vpp and Vgc. 
3. Measured with I; gf a constant value between 100 and 400 yA; load resistance (R_) allowed to match 
E24 (5%) in all applications via: 


_ 0,27775 + 0,03611 


lref 
4, Measured with Rreg = 10 k&2 (+ 5%) connected between Iref and Vpp; Ry, = 820 Q (+ 5%); OUTR 
and OUTL short-circuit protected to Vsc. 
. Left and right outputs must be driven with identical configuration. 
. Sample tested value only. 
. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
. The minimum bus cycle time of two clock periods is for loading all registers except the amplitude 
registers. 
9. The minimum bus cycle time of eight clock periods is for loading the amplitude registers. Ina 
system using DT ACK it is possible to achieve minimum times of 500 ns. Without DTACK the 
parameter given must be used. 


RL 


COoOw OO Oo 
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Fig. 3 Bus interface waveforms. 


DEVELOPMENT DATA 
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Fig. 4 Clock input waveform. 
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APPLICATION INFORMATION 
Device operation 


The SAA1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 

signals are mixed in an analogue format (6 ‘left’ and 6 ‘right’) before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,74 kHz. Simple external low-pass filtering is used to remove the high frequency components. 


Rates quoted are based on the input of a 8 MHz clock. 


A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 


The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 


The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 


Register description (see Tables 2 and 3) 

The amplitudes are assigned with ‘left’ and ‘right’ components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero’s. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise ‘colour’ (clock rate) are grouped 

in one byte. 

The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 

@ Envelope enable (reset) 

@ Envelope resolution (16/8 level) 


The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 


@ Envelope clock source 
@ Waveform type 


® Inverted/non-inverted ‘right’ component 
Table 1 External memory map 


select data bus inputs ABeEstOne 
AO | D7 | D6 | DS | D4] D3} D2] D1} Do} * | 
D7 D6 D5 D4 D3 D2 D1 DO data for internal registers 
Xx Xx xX A4 A3 A2 Al AO internal register address 


Where X = don’t care state. 
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Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


Table 2 Internal register map. 


register data bus inputs operations 
address | D7 D6 D5 D4 D3 D2 D1 DO 


00 ARO3 | ARO2| ARO1| AROO} ALO3 | ALO2 | ALO1 | ALOO | amplitude O right channel; 
left channel 


01 1 1 1 1 1 1 1 1 amplitude 1 right/left 
02 2 2 2 2 2 2 2 2 amplitude 2 right/left 
03 3 3 3 3 3 3 3 3 amplitude 3 right/left 
04 4 4 4 4 4 4 4 4 amplitude 4 right/left 
05 5 5 5 5 5 5 5 5 amplitude 5 right/left 
06 xX Xx Xx x X Xx Xx Xx 
07 Xx Xx Xx x Xx X x Xx 
08 FO7 | FO6 | FOS | FO4 |FO3 | FO2 | FO1 | FOO | frequency of tone 0 
09 1 1 1 1 1 1 1 1 frequency of tone 1 
0A 2 2 2 2 2 2 2 2 frequency of tone 2 
OB 3 3 3 3 3 3 3 3 frequency of tone 3 
OC 4 4 4 4 4 4 4 4 frequency of tone 4 
OD F57 |F56 | F55 |F54 |F53 | F52 |F51 | F50 | frequency of tone 5 
OE X xX X x Xx X Xx X 

<x OF Xx Xx Xx X Xx X Xx X 

y; 10 X X octave 1; octave 0 

QO 11 X X octave 3; octave 2 

E 12 X Xx octave 5; octave 4 

= 13 Xx X 

as 14 X frequency enable 

2 15 X noise enable 

> 16 X noise generator 1; 

ra) noise generator O 
17 
18 envelope generator 0 
19 envelope generator 1 
1A 
1B 
1C sound enable (all channels) 
1D 
1E 
1F 

Where: 


All don’t cares (X) should be written as zero’s. 


00 to 1F block of registers repeats eight times in the block between addresses 00 to FF (full internal 
memory map). 
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APPLICATION INFORMATION (continued) 
Table 3 Register description 


bit description 

ARn3; ARn2; 4 bits for amplitude control 

ARn1; ARnO of right channel 

(n = 0,5) 0000 minimum amplitude (off) 
1111 maximum amplitude 

ALn3; ALn2; 4 bits for amplitude control 

ALn1; ALnO of left channel 

(n = 0,5) 0000 minimum amplitude (off) 
11711 maximum amplitude 

Fn7 to FnO 8 bits for frequency control 

(n = 0,5) of the six frequency generators 


00000000 lowest frequency 
111131111 highest frequency 


On2; On1; OnO 3 bits for octave control 
(n = 0,5) 000 lowest octave (30 Hz to 60 Hz) 
001 (60 Hz to 122 Hz) 

010 (122 Hz to 244 Hz) 
O11 (244 Hz to 488 Hz) 
100 (489 Hz to 976 Hz) 
101 (978 Hz to 1,95 kHz) 
110 (1,95 kHz to 3,90 kHz) 
1.1 1° highest octave (3,91 kHz to 7,81 kHz) 


frequency enable bit (one tone per generator) 
FEn = 0 indicates that frequency ‘n’ is off 


NEn noise enable bit (one tone per generator) 

(n = 0,5) NEn = 0 indicates that noise ‘n’ is off 

Nn1; Nn0 2 bits for noise generator control. 

(n =0,1) These bits select the noise generator rate (noise ‘colour’) 


Nnt NnO_ clock frequency (kHz) 


0 0 31,3 
0 1 15,6 
1 0 7,6 
1 1 61 to 15,6 (frequency generator 0/2) 
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En7; 


En5 to EnO 7 bits for envelope control 
(n = 0,1) En0 
0 left and right component have the same envelope 
right component has inverse of envelope that is applied to left 
component | 
En2 Ent 
0 zero amplitude 

maximum amplitude 

single decay 

repetitive decay 

single triangular 

repetitive triangular 

single attack 

repetitive attack 


m 
ie) 


m 
BSS 


4 bits for envelope control (maximum frequency = 976 Hz) 
3 bits for envelope control (maximum frequency = 1,95 kHz) 


m 


internal envelope clock (frequency generator 1 or 4) 
external envelope clock (address write pulse) 


m 
—-Os5 =O 5 -Os5 —-=—-— =| =| OaQoos5 
~~ 


reset (no envelope control) 
envelope control enabled 


SE sound enable for all channels 
(reset on power-up to 0) 

0 all channels disabled 

1 all channels enabled 


DEVELOPMENT DATA 


Note 
All rates given are based on the input of a 8 MHz clock. 


August 1984 197 


SAA1099 | 


APPLICATION INFORMATION (continued) 


ox 


[dada 


Fig. 5 Envelope waveforms. 
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Microprocessor controlled stereo sound generator 


SAA1099 


for sound effects and music synthesis 


Notes to Fig. 5 
(1) The level at this time is under amplitude control only (En7 = 0; no envelope). 


(2) When the generator is active (En7 = 1) the maximum level possible is 15/16ths of the amplitude 
level, rounded down to the nearest eight. When the generator is inactive (En7 = 0) the level will be 
16/16ths of the amplitude level. 


(3) After position (3) the buffered controls will be acted upon when loaded. 
(4) At positions (4) the buffered controls will be acted upon if already loaded. 


(5) Waveforms ‘a’ to ‘h’ show the left channel (EnO = 0; left and right components have the same 
envelope). 
Waveform ‘i’ shows the right channel (En0 = 1; right component inverse of envelope applied to 
left). 


CLOCK 
GENERATOR OUTPUT 


OUTPUT AMPLIFIER 


FILTERS 


CLK (8 MHz) left channel 
< a 
E LDS WR 

DTACK 
Q 

SAA1099 

‘ feces | i 
Ww DOto D7 10 to 17 AMPLIFIER 
= 
©) sis 3 right channel 
pat 2 output 
Lid 
> 
LL 
an) 7290787 


ADDRESS | 
DECODER 


Fig. 6 Typical application circuit diagram. 
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TUNER SWITCHING CIRCUIT 


The SAA1300 is for switching on and off the supply lines of various circuit parts via an I?C bus signal. 
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It 
contains 5 output stages, which are capable of supplying up to 100 mA in the ON state or sinking up 
to —100 yA in the OFF state. 


Current limiting and short-circuit protection are included. The output stages are driven by a shift 
register/latch combination which is loaded via data from the |?C bus. A power-on reset of the latches 
ensures the OFF state of the output stages (OUT 2 to OUT 5) without data reception from the 1?C bus. 
A subaddressing system allows the connection of up to three circuits on the same !|?C bus lines; one of 
the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal A/D 
converter. 


A/D 
CONVERTER 


OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 
SHIFT 


| | Vp 
LATCHE-—4LATCHI4LATCHE-4 LATCH POWER ON fa 
REGISTER 


ee ee ee 


SDA 


12C- BUS 
RECEIVER 


ee a a ima © ee hawaeee 
DECODER 
(8x) 

0 0 0 1 0 
SAA1300 


7285576.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-142B). 
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PINNING | 
pin no. symbol function 
1 GND ground 
2 Vp positive supply 
3 OUT 5 
4 OUT 4 
5 OUT3. | outputs 
6 OUT 2 | 
7 OUT 1 output and subaddressing input 
8 SDA serial data line | Cb 
9 SCL serial clock line | si 


12C BUS INFORMATION* 
Address, first byte 


01000ABO where, 


A B function condition 


general address OUT 1 = output 

OUT 1 =input address accepted if Vout 1 = VouT , (LOW) 
OUT 1 = input address accepted if Voyt 1 = VoUT H (HIGH) 
OUT 1 = input address accepted if Voyt 1 = VouT m(MEDIUM) 


= = © © 
-—-OoO-—- © 


Data, second byte 
OUT 5, OUT 4, OUT 3, OUT 2, OUT 1, X, X, X 


The I/O output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the 
contents of the first data transmission whether the output stage is switched as an output or remains 


as an input. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 13,2 V 
Input voltage range at SDA, SCL V\ —0,5to+13,7 V 
Input voltage range at OUT 1 V\ —0,5to+12,5 V 
Output voltage range at OUT 1 to OUT5 Vo —0,5to+12,5 V 
Input current at SDA, SCL I max. 20 mA 
Input current at OUT 1 I max. 20 mA 
Total power dissipation Prot max. 650 mW 
Storage temperature range T stg —40 to+ 125 °C 
Operating ambient temperature range Tamb —20 to + 80 °C 


* Detailed information is given in a separate data sheet. 
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Tuner switching circuit SAA1300 


CHARACTERISTICS 
Vp =8 V; Tamb = 25 OC; unless otherwise specified 


Supply (pin 2) 
Supply voltage range Vp 4 =o 12 V 
Supply current Ip —- 10 _ mA 
Power-on reset level 

output stage in ’OFF” condition VpR _ 3,5 V 
Maximum power dissipation* Pmax — 650 — mW 


Inputs SDA, SCL (pins 8 and 9) 


Input voltage HIGH VIH 2,8 —_ Vp+0,5 | V 
Input voltage LOW VIL 0 — 1,8 V 
Input current HIGH —lH — — 50 LA 
Input current LOW Hy _ — 0,1 LA 
Acknowledge sink current IACK 2,5 — = mA 
Maximum input frequency fi max 100 7 — kHz 


Outputs OUT 1 to OUT 5 (pins 3 to 7) 


Maximum output current;source :""ON’’ | IQsg + 100 = + 150 mA 
Maximum output current; source : “ON” 

Tamb = 80 °C lOso 60 ~ _ mA 
Output voltage HIGH at Iago VOH _ _ Vp —2 V 
Output current; sink: “OFF” lOsi —100 --300 — LA 
Output voltage LOW at Iogj VOL _ — 100 mV 
Output voltage MEDIUM at lg =12,5mA | Vom _ — Vp—0,5 |V 


OUT 1 used as subaddressing input 


Input voltage HIGH (code 1 0) VOUT 1H 0,72 Vp me Vp V 
Input voltage MEDIUM (code 1 1) VOUT1M 039Vp — 0,61 Vp |V 
Input voltage LOW (code 0 1) VOUT 1L 0 — 0,28 Vp {| V 


* Outputs must not be driven simultaneously at maximum source current. 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3004 


specifications are subject to change without notice. 


REMOTE CONTROL TRANSMITTER 


GENERAL DESCRIPTION 


The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448 
commands which are divided into 7 sub-system groups with 64 commands each. The sub-system code 
may be selected by a press button, a slider switch or hard wired. 


The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance 
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction 
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for 
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the 
receiver. 


The SAA3004 has the following features: 

@ Flashed or modulated transmission 

7 sub-system addresses 

Up to 64 commands per sub-system address 
High-current remote output at Vpp = 6 V (—IQH = 40 mA) 
Low number of additional components 

Key release detection by toggle bits 

Very low stand-by current (< 2 yA) 

Operational current < 2 mA at 6 V supply 

Wide supply voltage range (4 to 11 V) 

Ceramic resonator controlled frequency (typ. 450 kHz) 


Encapsulation: 20-lead plastic DIL or 20-lead plastic mini-pack (SO-20) 


PACKAGE OUTLINES 


20-lead DIL; plastic (SOT-146C1). 
20-lead mini-pack; plastic (SO-20; SOT-163AC3). 
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Vv 
20 DD 


VVVV YY Yo sen commngy? 
wy UV YY Y Vs sen il 
REMO ly" y 
oY VY VY Y Ye senan Hf ) acses 
SAA3004 ma 
ALARA 2 , 
C1Vv4 (¥.) 6/9V 
Wf VV VV VY V2 sens it 
Vv 
Ss 0 a 7 
WY YY YY Y Ge | senon 
“a 
63 756 ADRM OSC! OSCO 
O O O O O O O ceramic 
address resonator 
O O O O O O O selection a aI. 455 kHz 
Za y “4 7285678 


Fig. 1 Transmitter with SAA3004. 


INPUTS AND OUTPUTS 
Key matrix inputs and outputs (DRVON to DRV6N and SENON to SEN6N) 


The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 

7 sense inputs as shown in Fig. 1. The driver outputs DRVON to DRVE6N are open drain N-channel 
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SENON to SEN6N) enable 
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable. The sense 
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec- 
ting them to an output via a key depression to initiate a code transmission. 


Address mode input (ADRM) 


The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected 
to ADRM, they must be decoupled by a diode. This allows the definition of seven sub-system addres- 
ses as shown in Table 3. If driver DRV6N is connected to ADRM the data output format of REMO is 
modulated or if not connected, flashed. 


The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down 
device is active. Whether ADRM is open (sub-system address 0, flashed mode) or connected to the 
driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter 
becomes active by presssing a key, the pull-down device is switched off and the pull-up device is 
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address 
and the mode of transmission. 
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Remote control transmitter SAA3004 


The arrangement of the sub-system address coding is such that only the driver DRVnN with the highest 
number (n) defines the sub-system address, e.g. if driver DRV2N and DRV4N are connected to ADRM, 
only DRVAN will define the sub-system address. This option can be used in transmitters for more than 
one sub-system address. The transmitter may be hard-wired for sub-system address 2 by connecting 
DRV1IN to ADRM. If now DRV3N is added to ADRM by a key or a switch, the transmitted sub-system 
address changes to 4. 


A change of the sub-system address will not start a transmission. 


Remote control signal output (REMO) 


The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows 
a high output current. The timing of the data output format is listed in Tables 1 and 2. 


The information is defined by the distance th between the leading edges of the flashed pulses or the 
first edge of the modulated pulses (see Fig. 3). 


The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word 
starts with two toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, S1 
and SO, and six bits F, E, D, C, B and A, which are defined by the selected key. 


In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit 
(REF). This can be used as a reference time for the decoding sequence. 


The toggle bits function as an indication for the decoder that the next instruction has to be considered 
as a new command. 3 


The codes for the sub-system address and the selected key are given in Tables 3 and 4. 


Oscillator input/output (OSC! and OSCO) 


The external components must be connected to these pins when using an oscillator with a ceramic 
resonator. The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator. 


FUNCTIONAL DESCRIPTION 
Keyboard operation 


In the stand-by mode all drivers (DRVON to DRV6N) are on. Whenever a key is pressed, one or more 
of the sense inputs (SENnN) are tied to ground. This will start the power-up sequence. First the oscil- 
lator is activated and after the debounce time tpg (see Fig. 4) the output drivers (DRVON to DRV6N) 
become active successively. 


Within the first scan cycle the transmission mode, the applied sub-system address and the selected 
command code are sensed and loaded into an internal data latch. In contradiction to the command 
code the sub-system address is sensed only within the first scan cycle. If the applied sub-system 

address is changed while the command key is pressed, the transmitted sub-system address is not altered. 


In a multiple key-stroke sequence (see Fig. 5) the command code is always altered in accordance with 
the sensed key. 


Multiple key-stroke protection 


The keyboard is protected against multiple key-strokes. If more than one key is pressed at the same time, 
the circuit will not generate a new output at REMO (see Fig. 5). In case of a multiple key-stroke the 
scan repetition rate is increased to detect the release of a key as soon as possi‘sle. 


There are two restrictions caused by the special structure of the keyboard matrix: 
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FUNCTIONAL DESCRIPTION (continued) 


— The keys switching to ground (code numbers 7, 15, 23, 31, 39, 47, 55 and 63) and the keys 
connected to SEN5N and SENG6GN are not covered completely by the multiple key Brotecton: If one 
sense input is switched to ground, further keys on the same sense line are ignored. 

— SEND5N and SENG6GN are not protected against multiple key-stroke on the same driver line, because 
this condition has been used for the definition of additional codes (code numbers 56 to 63). 


Output sequence (data format) 


The output operation will start when the selected code is found. A burst of pulses, including the latched 
address and command codes, is generated at the output REMO as long as a key is pressed. The format 
of the output pulse train is given in Figs 2 and 3. The operation is terminated by releasing the key or if 
more than one key is pressed at the same time. Once a sequence is started, the transmitted words will 
always be completed after the key is released. 


The toggle bits TO and T1 are incremented if the key is released for a minimum time trey, (see Fig. 4). 
The toggle bits remain unchanged within a multiple key-stroke sequence. 


data -——> _ 1 0 1 0 1 0 0 1 0 0 7285675 


Fig. 2 Data format of REMO output; REF = reference time; TO and T1 = toggle bits; SO, $1 and S2 = 
system address; A, B,C, D, E and F = command bits. 

(a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits 
(pulses are flashed). 

(b) modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 
command bits (pulses are modulated). 
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(1) Flashed pulse. 
(2) Modulated pulse (tpyy = (5 x tyq) + try. 


Fig. 3 REMO output waveform. 
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Fig. 4 Single key-stroke sequence. tegneds 
Debounce time: tpg = 4 to9 x To. 

Start time: tsT = 5 to 10 x To. 

Minimum release time: treL = To. 

Word distance: ty. 


il bouncing key A decoded as HIGH 
closed key A decoded as LOW 
KEY A lili [11] re 
released 
closed 
KEY 8 iil Hill 
released 
off 
DRVnN 
on 
—»! tps ae <« tsw ——> —~| tpg ae 
co tw ——— > t— tST at 
REMO 
j<—tsT =| word key A word key A word key B 


H 


so AWA LLL LLL LLLLLLLLL LLL LL Lf ossevaron acres PL LLL LLL LLL LLL LLL IL LIL LLL LLL. 


7285673 
Fig. 5 Multiple key-stroke sequence. 
Scan rate multiple key-stroke: tsjy = 6 to 10 x To. 
For tpg, tsT and ty see Fig. 4. 
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Table 1 Pulse train timing 


mode To ty 
ms US 

flashed 2,53 8,8 

modulated 2,53 — 


Us us Ms ms 
— — ~ 121 
26,4 17,6 8,8 121 


fose 455 kHz tose = 2,2 US 

tp 4 X tosc flashed pulse width 

tu 12 X tosc modulation period 

tM 8 X tosc modulation period LOW 
tMH 4 x tosc modulation period HIGH 
To 1152 X tosc basic unit of pulse distance 
ty 55 296 x tosc word distance 


logic “0” 2xTo 


logic “1” 3x To 
reference time 3x15 


toggle bit time 2xTgor3xTo 
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Remote control transmitter 


Table 3 Transmission mode and sub-system address selection 


SAA3004 


The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRVE6N) of the key matrix. If more than one driver is connected to 


ADRM, they must be decoupled by a diode. 


sub-system driver DRVnN 
address forn= 


eee 


0 
1 
2 
3 
4 
5 
6 


xx KK KO 
oo00000 


QO ® 


matrix matrix cod matrix 
drive sense ae 


F E D BA 
000j;0 0 0 
000;0 0 1 
000;0 1 0 
000/;0 1 +1 
000j;1 0 90 
00 0;1 0 1 
0 00j]1 1 =O 
000;1 1 1 
0 0 1 8 to 15 
0 1 0 16 to 23 
Oo 1 1 24 to 31 
1 0 0 32 to 39 
1 0 1 40 to 47 
1 1 #0 48 to 55 


1 56 to 63 


—_ 


O 


= connected to ADRM 


blank = not connected 


X 


to ADRM 
= don’t care 


* The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs 


SEN1N to SEN6N and the combined SEN5N/SENEN. 
** The C, B and A codes are identical to SENON as given above. 
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PINNING 
y 1 REMO remote data output 
2 SENGN 
119] DRV6N 3 SENSN 
4 SEN4N 
[18] DRVEN 5 SEN3N key matrix sense inputs 
6 SEN2N 
17| DRV4N 
Kid 7 SENN 
116 | DRV3N 8 SENON 
SAA3004 } . 
5 | DRV2N 9 ADRM address mode control input 
sce 10 Vss ground 
11 OSC! oscillator input 
ne 12 OSCO oscillator output 
Osco 13 DRVON 
14 DRV1N 
mics 15 DRV2N 
re 16 DRV3N 7 key matrix drive outputs 
17 DRV4N 
Fig. 6 Pinning diagram. 18 DRV5N 
19 DRV6N 
20 Vpp positive supply 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range Vpp —0,5 to +15 V 
Input voltage range Vi —0,5 to Vpp +0,5 V 
Output voltage range Vo —0,5 to Vpp +0,5 V 
D.C. current into any input or output +] max. 10 mA 
Peak REMO output current 
during 10 us; duty factor = 1% —l(REMO)M Max. 300 mA 
Power dissipation per package 
for Tamb = —20 to +70-°C Prot max. 200 mW 
Storage temperature range Tstg —55 to +150 °C 
Operating ambient temperature range Tamb —20 to +70 oC 
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CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; unless otherwise specified 


parameter symbol min. typ. max. unit 
(V) 


Supply voltage 


Tamb = 0 to +70 °C - VDD 4 - 11 V 
Supply current; active 
fosc = 455 kHz; 6 IDD — 1 — mA 
REMO output unloaded 9 IDD — 3 — mA 
Supply current; inactive 
(stand-by mode) 6 IDD ~ _ 2 LA 
Tamb = 25 °C 9 IDp - — 2 LA 
Oscillator frequency 
(ceramic resonator) 4to11 | fos¢ 400 _ 500 kHz 
Keyboard matrix 
Inputs SENON to SEN6N 
e Input voltage LOW 4to 11 VIL — — 02xVpp iV 
a Input voltage HIGH 4to 11 VIH O8xVpp — _ V 
O Input current 4 —l 10 — 100 pA 
5 V;=0V 11 —|; 30 — 300 yA 
= Input leakage current 
a. Vi=Vpp 11 Jy = — 1 LA 
7 Outputs DRVON to DRV6N 
ra Output voltage “ON” 
ra) lo = 0,1 mA 4 VOL — —_ 0,3 V 
lo =1,0mA 11 VOL — — 0,5 V 
Output current “OFF” 
Vo=llv 11 lo — — 10 LA 
Control input ADRM 
Input voltage LOW = VIL - - 08x Vpp! V 
Input voltage HIGH = VIH 02xVpp — = V 
Input current (switched P- 
and N-channel pull-up/ 
pull-down) 
Pull-up active 4 Me 10 — 100 LA 
stand-by voltage: 0 V 11 Ne 30 ee 300 HA 
Pull-down active 4 NH 10 = 100 BA 
stand-by voltage: Vpp 11 1H 30 — 300 HA 
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CHARACTERISTICS (continued) 
Vss = 0 V; Tamb = 25 OC; unless otherwise specified 


parameter 


Data output REMO 


Output voltage HIGH 
—loy = 40 mA 
Output voltage LOW 

lo. =0,3 mA 


Oscillator 


Input current 
OSCI at Vpp 


Output voltage HIGH 
—lo_ = 0,1 mA 


Output voltage LOW 
Ion = 90,1 mA 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3006 


specifications are subject to change without notice. 


LOW VOLTAGE INFRARED REMOTE CONTROL 
TRANSMITTER (RC-5) 


GENERAL DESCRIPTION 


The SAA3006 is intended as a general purpose (RC-5) infrared remote control system for use where 
only low supply voltages are available. The device can generate 2048 different commands and utilizes a 
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be 
addressed, each system containing 64 different commands. 


The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 


Features 

Low supply voltage requirements 

Very low current consumption 

For infrared transmission link 

Transmitter for 32 x 64 commands 

One transmitter controls 32 systems 

Transmission biphase technique 

Short transmission times; speed-up of system reaction time 
Single-pin oscillator input 

Input protection 


Test mode facility 


QUICK REFERENCE DATA 


Supply voltage range Vpp 2to7 V 

Input voltage range Vi 0,5 to(Vpp+0,5) V* 
Input current +1, max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5) V* 
Output current +IlQ max. 10 mA 
Operating ambient temperature range Tamb —25 to +85 oC 


* Vpp + 0,5 V not to exceed 9 V. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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X2 
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Fig. 1 Block diagram. 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


PINNING 
14 Vss negative supply (ground) 
28 Vpp positive supply 
21 X0 
22 x1 
23 X2 
24 X3 | keyboard command inputs with 
25 X4 P-channel pull-up transistors 
26 X5 
27 X6 
1 X7 
3 Z0 
4 Z1 keyboard system inputs with 
SAA3006 5 Z2 P-channel pull-up transistors 
6 Z3 
2 SSM system mode selection input 
20 TP1 test input 
19 TP2 test input/output 
18 OSC oscillator input 
= 17 DRO 
a 16 DRI 
be 15 DR2 
7 13 DR3 | scan driver output with open 
= sings 12 DR4 drain N-channel transistors 
0 ia 11. DRS5 
Lu nat 10 DR6 
> Fig. 2 Pinning diagram. 9 DR7 
Q 


7 MDATA remote signal outputs 
8 DATA (3-state outputs) 
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(1) Control inputs for operating modes, test modes and reset. 
(2) Remote signal outputs. 

(3) Keyboard command code matrix 8 x 8. 

(4) Keyboard system code matrix 4 x 8. 


Fig. 3 Keyboard interconnection. 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


FUNCTIONAL DESCRIPTION 


Combined system mode (SSM = LOW) 


The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-DR or Z-DR 
matrix starts the debounce cycle. When the contact is made for two bit times without interruption, the 
oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z- or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z- or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits ‘1’) in the chosen system as long as the key is pressed. 
Latching of a command number causes the device to generate this command together with the system 
address number stored in the system address latch. Releasing the key will reset the internal action if no 
data is transmitted at that time. Once the transmission is started, the signal will be finished completely. 


Single system mode (SSM = HIGH) 


The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-DR matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the 
end of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines 

are switched on during the first scan cycle. The wired connection in the Z-matrix is then translated 

into a system address number and stored in the system address latch. At the end of the first scan 

cycle the pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the 
transistors in the X-lines are switched on. The second scan cycle produces the command number 

which, after latching, is transmitted together with the system address number. 


Inputs 


The command inputs XO to X7 carry a logical ‘1’ in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical ‘1’ in the quiescent state 
by means of an internal pull-up transistor. 


When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 


Oscillator 


The oscillator is formed by a ceramic resonator (catalogue number 2422 540 98021 or equivalent) 
feeding the single-pin input OSC. Direct connection is made for supply voltages in the range 2 to 

5,25 V but it is necessary to fit a 10 kQ resistor in series with the resonator when using supply voltages 
in the range 2,6 to 7 V. 


Key-release detection 


An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by ‘take-over’ of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 


Outputs 
The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
2 and 3. The code is transmitted in biphase; definitions of logical ‘1’ and ‘O’ are given in Fig. 5. 


The code consists of four parts: 

@ Start part formed by 2 bits (two times a logical ‘1’); 
@ Control part formed by 1 bit; 

e@ System part formed by 5 bits; 

@ Command part formed by 6 bits. 


The output MDATA carries the same information as output DATA but is modulated on a carrier fre- 
quency of 1/12 of the oscillator frequency, so that each bit is presented as a burst of 32 pulses. To 
reduce power consumption, the carrier frequency has a 25% duty cycle. 


In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers DRO to 

DR7 are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After 
a legal key operation all the driver outputs go into the high ohmic state; a scanning procedure is then 
started so that the outputs are switched into the conducting state one after the other. 


Reset action | 

The circuit will be reset immediately when a key release occurs during: 

@ debounce time; 

@ between two codes. 

When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
@ the key is released while one of the driver outputs is in the low-chmic ‘0’ state; 

@ the key is released before detection of that key; 

@ there is no wired connection in the Z-DR matrix while SSM is HIGH. 


Test pin 
The test pins TP1 and TP2 are used for testing in conjunction with inputs Z2 and Z3 as shown in Table 1. 


Table 1 Test functions 


LOW 
HIGH 


matrix input matrix input normal 


scan + output frequency 
six times faster than normal 


matrix input matrix input 


LOW 
HIGH 


LOW 
HIGH 


reset 


output fosc® 
output fosc® 


output frequency 3.x 27 
faster than normal 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


KEY ACTIVITIES 


Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 


Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 


When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal key- 
board operation and causes the device to generate the corresponding code. 


Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 


When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 


When one X or Z-input is connected to more than one DR-output, the last scan signal is considered 
legal. 


The maximum allowable value of the contact series resistance of the keyboard switches is 7 kQQ. 


1 CODE 


debounce 


MSB LSB MSB LSB 


«——— system me command _____» 
address bits bits 


+ control bit 


start 


— 


<—- start bits 


DEVELOPMENT DATA 


_— ~<— scan time 


2 bit |, gata word time = 14 bit times §———___—» 
times 


—_> 


2 CODES SUCCESSIVELY 


<q 2nd 
code 


—_—_—_______———_ repetition time = 64 bit times aR at! 


7290142 


Fig.4 DATA output format (RC-5). 


digital ’1’ digital ’0’ 


<«—- 1 bit time —e 


7Z82856 


Fig. 5 Biphase transmission code; 1 bit time = 3 x 28 x Tosc 
(typically 1,778 ms) where TQs¢ is the oscillator period time. 
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Table 2 Command matrix X-DR 
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Table 3 System matrix Z-DR 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Vpp  —0,5 to 8,5 V 
Input voltage range Vy} —0,5 to (Vpp + 0,5) V* 
Input current +1 max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5) V* 
Output current +10 max. 10 mA 
Power dissipation output OSC Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —29 to +85 °C 
Storage temperature range T stg —55 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘Hand- 
ling MOS Devices’’). 


DEVELOPMENT DATA 


*Vpp + 0,5 V not to exceed 9 V. 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —25 to 85 OC unless otherwise specified 


a [ome we To 


Supply voltage 


Supply current 
at |g = O mA for all outputs; 
X0 to X7 and Z3 at Vpp; 
all other inputs at Vpp or Vss; 
excluding leakage current from 
open drain N-channel outputs; 

Tamb = 25 °C 


Inputs 


Keyboard inputs X and Z with 
P-channel pull-up transistors 


Input current (each input) at 
=0V; TP = SSM = LOW 


Input voltage HIGH 

Input voltage LOW 

Input leakage current 

at Tamb = 25 OC; TP = HIGH; 

VipH7V 
V,;=OV 

SSM, TP1 and TP2 

Input voltage HIGH 

Input voltage LOW 


Input leakage current 
at Tamb = 25 °C; 
7V 
=OV 


OSC 


Input leakage current 
at Tamb = 25 PC; V} = OV; 
TP1 = HIGH; Z2 = Z3 = LOW 
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DEVELOPMENT DATA 


Low voltage infrared remote control transmitter (RC-5) SAA3006 


parameter 


Outputs 
DATA and MDATA 


Output voltage HIGH 
at —IoH = 0,4 mA 


Output voltage LOW 


at lo, =0,6 mA 
Output leakage current at: 
Vo=7V 
Vo=0V 
Tamb = 25 °C; 
Voz=/V 
Vo=O0V 


DRO to DR7, TP2 


Output voltage LOW 
at lol = 0,3 mA 


Output leakage current 
atVo=7V 


at Vg=/7V 
Tamb = 25 9C 
OSC 
Oscillator current at OSC = Vpp 


Oscillator 


Maximum oscillator frequency 
at C; = 40 pF (Figs 6 and 7) 


Free-running oscillator frequency 


7282857 


0 50 100 salsa 
C, (pF) Fig. 7 Test circuit 


Fig.6 Typical normalized input for measurement of 
frequency as a function of the maximum oscillator 
load (keyboard) capacitance. 7290140 frequency. 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3027 


specifications are subject to change without notice. 


INFRARED REMOTE CONTROL TRANSMITTER (RC-5) 


GENERAL DESCRIPTION 


The SAA3027 is intended for a general purpose (RC-5) infrared remote control system. The device can 
generate 2048 different commands and utilizes a keyboard with a single-pole switch per key. The 
commands are arranged so that 32 systems can be addressed, each system containing 64 different 
commands. 


The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 


Features 

Transmitter for 32 x 64 commands 

One transmitter controls 32 systems 

Very low current consumption 

For infrared transmission link 

Transmission by biphase technique 

Short transmission times; speed-up of system reaction time 
LC oscillator; no crystal required 

Input protection 


Test mode facility 


QUICK REFERENCE DATA 


Supply voltage range Vpp 4,75 to 12,6 V 

Input voltage range Vy —0,5 to (Vppt+0,5) V* 
Input current +1y max. 10 mA 
Output voltage range Vo —0,5 to (Vppt+0,5) V* 
Output current +lo max. 10 mA 
Operating ambient temperature range Tamb  —25 to +85 oC 


*Vpp + 0,5 V not to exceed 15 V. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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COMMAND 
ms al on 
SYSTEM | 15| DR2 
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DRIVER | 12, DR4 
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MDATA Vgs |. Vop 7290148 


Fig. 1 Block diagram. 


Infrared remote control transmitter (RC-5) SAA302 t 


PINNING 
14 Vss negative supply (ground) 
28 VppD positive supply 
21 XO 
22 X1 
23 X2 
= + keyboard command inputs with 
26 X5 P-channel pull-up transistors 
27 X6 
1 X7 
3 ZO 
4 21 keyboard system inputs with 
sAnS0et 5 Z2 P-channel pull-up transistors 
6 Z3 
2 SSM system mode selection input 
19 TP test pin 
18 OSC1 oscillator input 
20 OSCO oscillator output 
= 17 DRO 
< 16 DR1 
2 15  DR2 
2 13 DR3 scan driver outputs with open 
= 12 DR4 drain N-channel transistors 
= 7Z90144 11 DR5 
od 10 DR6 
i 2 eee : 
> Fig. 2 Pinning diagram. 9 DR7 
Q 


7 MDATA ! remote signal outputs 
8 DATA (3-state outputs) 


July 1983 231 


SAA3027 


15 RK ] 
23 
31 
(31) 4 
47 Na 
55 A a9 | 48 97 SAA3027 
63 N87] 56 1 
7 | # c 3 
15 Ne oo 
m 23 N17] 16 5 


N 
o 


24 6 


7290146 
19 f f2 7y ys fis 20 


* 


(1) Programming inputs for operating modes, test mode and reset. 
(2) Remote signal outputs. 

(3) Keyboard command code matrix 8 x 8. 

(4) Keyboard system code matrix 4 x 8. 


Fig. 3 Keyboard interconnection. 
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DEVELOPMENT DATA 


Infrared remote control transmitter (RC-5) SAA3027 


FUNCTIONAL DECRIPTION 


Combined system mode (SSM = LOW) 


The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-DR or 
Z-DR matrix starts the debounce cycle. When the contact is made for two bit times without interruption, 
the oscillator-enable signal ts latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits ‘1’) in the chosen system as long as the key is pressed. 
Latching of acommand number causes the device to generate this command together with the system address 
number stored in the system address latch. Releasing the key will reset the internal action if no data is 
transmitted at that time. Once the transmission is started, the signal will be finished completely. 


Single system mode (SSM = HIGH) 


The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-DR matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the end 
of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines are 
switched on during the first scan cycle. The wired connection in the Z-matrix is then translated into a 
system address number and stored in the system address latch. At the end of the first scan cycle the 
pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the transistors 
in the X-lines are switched on. The second scan cycle produces the command number which, after 
latching, is transmitted together with the system address number. 


Inputs 


The command inputs XO to X7 carry a logical ‘1’ in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical ‘1’ in the quiescent state 
by means of an internal pull-up transistor. 


When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 


Oscillator 


OSCI and OSCO are the input/output respectively of a two-pin oscillator. The oscillator is formed 
externally by one inductor and two capacitors and operates at 72 kHz (typical). 


Key-release detection 


An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for muiti-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by ‘take-over’ of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 
Outputs 


The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
1 and 2. The code is transmitted in biphase; definitions of logical ‘1’ and ‘0’ are given in Fig. 5. 


The code consists of four parts: 


® Start part formed by 2 bits (two times a logical ‘1’); 
@ Control part formed by 1 bit; 

@ System part formed by 5 bits; 

@ Command part formed by 6 bits. 


The output MDATA carries the same information as output DATA but is modulated on a carrier 
frequency of half the oscillator frequency, so that each bit is presented as a burst of 32 oscillator 
periods. To reduce power consumption, the carrier frequency has a 25% duty cycle. 


In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers DRO to DR7 
are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After a 
legal key operation, a scanning procedure is started so that they are switched into the conducting state 
one after the other. 


-Reset action 


The circuit will be reset immediately when a key release occurs during: 
@ debounce time; 
® between two codes. 


When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
@ the key is released while one of the driver outputs is in the low-ohmic ‘0’ state; 

@ the key is released before detection of that key; 

@ there is no wired connection in the Z-DR matrix while SSM is HIGH. 


Test pin 
The test pin TP is an input which can be used for testing purposes. 
When LOW, the circuit operates normally. 


When HIGH, all pull-up transistors are switched off, the control bit is set to zero and the output data is 
2© times faster than normal. 


When Z2 = Z3 = LOW, the counter will be reset to zero. 


KEY ACTIVITIES 


Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 


Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 


When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal 
keyboard operation and causes the device to generate the corresponding code. 


Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 


When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 


When one X or Z-input is connected to more than one DR-output, the last scan signal is considered legal. 
The maximum allowable value of the contact series resistance of the keyboard switches is 10 kQ2. 


22 or Z3 must be connected to Vpp to avoid unwanted supply current. 
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debounce 1 CODE 


MSB LSB MSB LSB 


YAU AGS Ab+t P 7 7P Vig 4 f Lco} 
~<=———. system cae aa command ____» 
Start address bits bits 


— ~— control bit 


«<— start bits 
_— <—- scan time 


—_————— data word time = 14 bit times §£——M_—» 


2 CODES SUCCESSIVELY 


—— —_ —_— 2nd 
code code 


start 


—_——________——_ repetition time = 64 bit times 
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Fig. 4 DATA output format (RC-5). 


digital ‘1’ digital ’0’ 


DEVELOPMENT DATA 


<—- 1 bit time —— 


7282856 


Fig. 5 Biphase transmission code; 1 bit time = 2’ x Tosc = 1,778 ms (typical), 
where T0s¢ is the oscillator period time. 
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Table 1 Command matrix X-DR 
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Table 2 System matrix Z-DR 
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Infrared remote control transmitter (RC-5) SAA3027 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range with respect to Vss Vpp —0,5 to +15 V 
Input voltage range V1 —0,5 to (Vpp+ 0,5) V* 
Input current +1) max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5) V* 
Output current +lo max. 10 mA 
Power dissipation output OSCO Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —29 to +85 oc 
Storage temperature range Tstg —55 to + 150 oC 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘Handling 
MOS Devices’’). 


DEVELOPMENT DATA 


*Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 
Vss =0 V; Tamb = —25 to 85 OC unless otherwise specified 


a a a 


Supply voltage 


Supply current 
at |¢ = O mA for all outputs; 
X0 to X7 and Z3 at Vpp; 
all other inputs at Vpp or Vss; 
excluding leakage current from 
open drain N-channel outputs; 
Tamb = 25 °C 


Inputs 


Keyboard inputs X and Z with 
P-channel pull-up transistors 


Input current (each input) at V; =O V; 
TP = SSM = LOW 4,75 to 12,6 


Input voltage HIGH  ~ 4,75 to 12,6 
Input voltage LOW 4,75 to 12,6 


Input leakage current at Tampb = 25 °C; 
TP = HIGH; 
V)= 12,6 V 12,6 


=OV 12,6 
SSM, TP and OSCI inputs 
Input voltage HIGH 4,75 to 12,6 
Input voltage LOW 4,75 to 12,6 


Input leakage current at Tampb = 25 °C; 
Vy) = 12,6 V 12,6 


Vj=OV 12,6 


Outputs 
DATA, MDATA outputs 


Output voltage HIGH 
at —loy = 0,8 mA 4,75 to 12,6 


Output voltage LOW 
at Io, = 0,8 mA 4,75 to 12,6 


Output leakage current at: 
Vo = 12,6 V 12,6 
Vo=0V 12,6 
Tamb = 25 °C; 
Vo = 12,6 V 12,6 
Vo=0V | 12,6 
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DEVELOPMENT DATA 


Infrared remote control transmitter (RC-5) 


DRO to DR7 outputs 


Output voltage LOW i 
at lo, =0,35 mA 
Output leakage current 
at Vg = 12,6 V 
at Vg = 12,6 V; 
Tamb = 25 °C 

OSCO output 

Output voltage HIGH 
at —IQyH = 0,2 mA; 
OSCI =Vss 

Output voltage LOW 
at —lo, = 0,45 mA; 
OSCI=Vpp 


Oscillator 


Maximum oscillator frequency 
at C; = 40 pF (Figs 6 and 7) 


7282857 


normalized EN 


pa SE 


Pe ae ee ee 


Es 
keane eee 


Fig. 6 Typical normalized input 
frequency as a function of the 
load (keyboard) capacitance. 


SAA3027 


4,75 to 12,6 Vo. 


4,75 to 12,6 


4,75 to 12,6 


Cy 


Vgg 
7290145 


Fig. 7 Test circuit for measure- 


ment of maximum oscillator 
frequency. 
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DEVELOPMENT DATA 2 rd 
TINE: date sheet contains advance ingorman on ane i | E S A A 3 O ? 8 
specifications are subject to change without notice. Bus! 


INFRARED REMOTE CONTROL TRANSCODER (RC-5) 


GENERAL DESCRIPTION 


The SAA3028 is intended for use in general purpose (RC-5) remote contro! systems. The main function 
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two 
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept (1) RC-5 
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an 

active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and 
output is by serial transfer, the output interface being compatible for |? C bus operation. 


Features 

@ Converts RC-5 or RC-5(ext) biptiase coded signals into binary equivalents 

@ Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext)) 

@ Rejects all codes not in RC-5/RC-5(ext) format 

1?C output interface capability 

Power-off facility 

Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode 


Power-on-reset for defined start-up 


QUICK REFERENCE DATA 


Supply voltage range VDD 4,5 to 55 V 
Supply current (quiescent) at 
Vop = 5,5 V; Tamb = 25 OC IDD max. 200 HA 


Operating ambient temperature range Tamb —29 to +85 °C 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38Z). 
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DATA 1 


DATA 2 


POWER - ON 


RESET 


DAV | 1 | 116] Vpp 
MAO SSB 
MA1 ENB 
MA2 | 4 PO 
SAA3028 

RC5 DATA 1 
Osc! DATA 2 
Osco fi0] SDA 
Vss L8_ }9 | Sct 


7Z87 353 


Fig. 2 Pinning diagram. 
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INPUT 7 


DETECTOR 


R 


5 DAV 


Cc 
CONTROL 
CIRCUIT 


BUFFER 


MAO MA1 MA2 


Fig. 1 Block diagram. 


PINNING 

1 DAV 

2 MAO | 
3 MAI ; 
4  MA2 | 
5 RCS 

6  OSscl 

7 Osco 
8  Vss 

9 SCL 

10 SDA 

11. DATA2 
12. DATA1 
13. PO 

14 ENB 
15 SSB 

16 Vpp 


Osc! OSCO 


CLOCK 


GENERATOR 


SAA3028 


12¢ BUS 


INTERFACE SDA 


OWER - OFF 
CIRCUIT 


SSB ENB PO 


7287352 


data valid output with open drain 
N-channel transistor 


master address inputs 


data 2 input select 
oscillator input 
oscillator output 
negative supply (ground) 
serial clock line |! 2C bus 
serial data line 

data 2 input 

data 1 input 


power-off signal output with open 
drain N-channel transistor 


enable input 
set standby input 
positive supply (+5 V) 


DEVELOPMENT DATA 


Infrared remote control transcoder (RC-5) SAA 302 8 


FUNCTIONAL DESCRIPTION 


Input function 


The two data inputs are accepted into the buffer as follows: 
@ DATA 1. Only biphase coded signals which conform to the RC-5 format are accepted at this input. 


@ DATA 2. This input performs according to the logic state of the select input RC5. When RC5 = HIGH, 
DATA 2 input will accept only RC-5 coded signals. When RC5 = LOW, DATA 2 input will accept 
only RC-5(ext) coded signals. 


The input detector selects the input, DATA 1 or DATA 2, in which a HIGH to LOW transition is first 
detected. The selected input is then accepted by the buffer for code conversion. All signals received 
that are not in the RC-5 or RC-5(ext) format are rejected. 


Formats of RC-5 and RC-5(ext) biphase coded signals are shown in Figs 3 and 4 respectively; the codes 
commence from the left of the formats shown. The bit-times of the biphase codes are defined in Fig. 5. 


tL control stop time | <_— 


ls start 


data word time = 15 bit times 


7287354 
Fig. 3 RC-5 code format: the first start bit is used only for detection and input gain-setting; stop 
time = 1,5 bit-times (nominal). 


toggle 
repeat 
reset standby 
not defined 
function 
ms, Gaie 
MA 
ae 1 ede cohce, f see ees SLAVE ADDRESS DATA 
A aes stop time —» <— 


master address 
start 


data word time = 30 bit times 


7287355 


Fig. 4 RC-5(extended) code format: the first start bit is used only for detection and input gain-setting; 
stop time = 1,5 bit-times (nominal). 


digital ‘1’ digital ’0’ 


<— 1 bit time ——~ 


7282856 


Fig. 5 Biphase code definition: RC-5 bit-time = 2’ x Tosc = 1,778 ms (typical); RC-5(ext) bit-time 
= 2° x Tosc = 0,89 ms (typical), where Tgsc = the oscillator period time. 
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FUNCTIONAL DESCRIPTION (continued) 


More information is added to the input data held in the buffer in order to make it suitable for 
transmission via the !*C interface. The information now held in the buffer is as follows: 


RC-5 buffer contents RC-5(ext) buffer contents 


data valid indicator data valid indicator 
format indicator format indicator 


input indicator 
control 
address data 
command data 


input indicator 
master address 
control 

slave address 
data 


The information assembled in the buffer is subjected to the following controls before being made avail- 
able at the I? interface: 


ENB = HIGH 
SSB = LOW 
PO =HIGH 
PO =LOW 
DAV = HIGH 
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Enables the set standby input SSB. 
Causes power-off output PO to go HIGH. 


This occurs when the set standby input SSB = LOW and allows the existing values 
in the buffer to be overwritten by the new binary equivalent values. After 
ENB = LOW, SSB is don’t care. 


This occurs according to the type of code being processed, as follows: 
RC-5. When the binary equivalent value is transferred to the buffer. 


RC-5(ext). When the reset standby bit is active and the master address bits are 
equal in value to the MAO, MA1, MA2 inputs. 


At power-on, PO is reset to LOW. 


This occurs when the buffer contents are valid. If the buffer is not empty, or an 
output transfer is taking place, then the new binary values are discarded. 


DEVELOPMENT DATA 


SAA3028 


Infrared remote control transcoder (RC-6) 


Output function 


The data is assembled in the buffer in the format shown in Fig. 6 for RC-5 binary equivalent values, or 
in the format shown in Fig. 7 for RC-5(ext) binary equivalent values. The data is output serially, starting 
from the left of the formats shown in Figs 6 and 7. 


<«—— data 4 ————_» 


MSB LSB 


a data 1 epee data 2 ie data 3 ———» 
| MSB LSB 


X0X00000/C 000000 0/0 0 O ADDRESS [0 0 COMMAND 


[ Le control bit 
input indicator: 0= DATA 1 input; 1= DATA 2 input 


format indicator: O= RC-5 
data valid = 0; data not valid = 1 7287356 


Fig. 6 RC-5 binary equivalent value format. 


— data 1 ———»|~«—_—_. data 2 —___» |«_—_—_- data 3 ———_»|~=_—__ data 4 ————> 


MSB LSB MSB LSB |MSB LSB 


xX 1x0 0/)4° |x X RX XX X X SLAVE ADDRESS DATA 
ee 
reset standby 


i master address 


input indicator : 0 = DATA 1 input; 1 = DATA 2 input 
format indicator: 1= RC-5 (ext) 
data valid = 0; data not valid = 1 7287357 


Fig. 7 RC-5(ext) binary equivalent value format. 


The output signal DAV, derived in the buffer from the data valid bit, is provided to facilitate use of the 
transcoder on an interrupt basis. This output is reset to LOW during power-on. 


The |?C interface allows transmission on a bidirectional, two-wire |?C bus. The interface is a slave 
transmitter with a built-in slave address, having a fixed 7-bit binary value of 0100110. Serial output of 
the slave address onto the |?C bus starts from the left-hand bit. 


Oscillator 


The oscillator can comprise a ceramic resonator circuit as shown in Fig. 8. The typical frequency of 
oscillation is 455 kHz. 


15 nF 
OSC|I 


(1) 


Cc] ceramic 
resonator 


OSCO 


7287358 


(1) Catalogue number of ceramic resonator: 2422 540 98008. 


Fig. 8 Oscillator circuit. 
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FUNCTIONAL DESCRIPTION (continued) 


i2C bus transmission 
Formats for |? C transmission in low and high speed modes are shown respectively in Figs 9 and 10. 


acknowledge 
from slave 


s| START BYTE SLAVE ADDRESS a DATA 1 DATA 2 DATA 3 DATA 4 lp 


| acknowledge from a 


acknowledge R/W 
from master (= master) 7287359 


Fig. 9 Format for transmission in I? C low speed mode. 


acknowledge 
from slave 


/s|sLave ADDRESS 4) DATA 1 DATA 2 DATA 3 DATA 4 ale] 


R/W acknowledge from receiver 
(= master) 7Z87 360 


Fig. 10 Format for transmission in |? C high speed mode. 


Note to Figures 9 and 10 


When R/W bit = 0; the slave generates a NACK (negative acknowledge), leaves the data line HIGH and 
waits for a stop (P) condition. 


When the receiver generates a NACK;; the slave leaves the data line HIGH and waits for P (the slave 
acting as if all data has been transmitted). 


When all data has been transmitted, the data line remains HIGH and the slave waits for P. 
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Infrared remote control transcoder (RC-5) SAA302 8 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss VppD —0,5 to +15 V 
Input voltage range Vv) —0,5 to (Vpp+ 0,5) V* 
Input current +I) max. 10 mA 
Output voltage range Vo —0,5 to (Vppt 0,5) V* 
Output current +lo max. 10 mA 
Power dissipation output OSCO Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25 to +85 9C 
Storage temperature range Tstg —55 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘Handling MOS 
Devices’). 


DEVELOPMENT DATA 


Purchase of Philips 1?C components conveys a licence under the 
Philips’ 1?C patent to use the components in the |? C-system 
provided the system conforms to the !?C specifications defined 
by Philips. 


*Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —25 to 85 OC unless otherwise specified 


parameter 


Supply voltage 


Supply current; quiescent 
at Tamb = 25 OC 


Inputs 


MAO, MA1, MA2, DATA 1, DATA 2, 
RC5, SCL, ENB, SSB, OSCI 


Input voltage HIGH 4,5to5,5 
Input voltage LOW 4,5 to 5,5 


Input leakage current 
at VV; = 5,5 V; 
Tamb = 25 OC 55 


Input leakage current 
at VV; = OV; 
Tamb = 25 °C; 


Outputs 


DAV, PO 


Output voltage LOW 
atlo, = 1,6mA 4,5 to 5,5 


Output leakage current 
at V9 = 5,5 V; 
Tamb = 25 °C 55 


OSCO 


Output voltage HIGH 
at —IoH = 0,2 mA 4,5 to 5,5 


Output voltage LOW 
at lo, =0,3 mA 4,5 to 5,5 


Output leakage current 
at Tamb = 25 °C; 
V9 =5,5 V 5,5 


Vo=0V 5,5 
SDO 


Output voltage LOW 
atIo, =2mA 4,5to 5,5 


Output leakage current 
at V9 = 5,5 V; 
Tamb = 25 OC 5,5 


Oscillator 
Max. oscillator frequency (Fig. 8) 
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TELETEXT TIMING CHAIN 


The SAA5020 is an MOS N-channel integrated circuit which performs the timing functions for a teletext 
system. 

The SAA5020 is a 24-lead device which provides the necessary timing signals to the teletext page memory 
and to the Character Generator (SAA5050 series). It works in conjunction with the Video Processor 
Circuit (SAA5030) and the Teletext Acquisition and Control! Circuit (SAA5040 series). The operation 

of the SAA5020 maintains the synchronisation between the teletext system and the incoming video signal. 


QUICK REFERENCE DATA 


Supply voltage Vpp nom. 5 V 

Supply current IDD typ. 20 mA 

Operating ambient temperature range Tamb —20to+70 °C 
TRE F1 FLR FS Vop Yss 


ae DECODE CBB 


BIG 
PL 
GLR 
a “ 
OUTPUT 


M81—1273/1 


Fig.1 Block diagram 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A) 
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SAA5020 


Vss Pa RACK read address clock 


1MHz output F1 A2 memory addresses 


‘after hours’ sync AHS Al 


fast line reset FLR 
SAA5020 


general line reset GLR T/B top or bottom 


phase lock output PL BCS big character select 


colour burst blanking CB 16 | HIE high impedance enable 


field sync input FS - 15 | TLC transmitted large character 


character rounding select CRS 14 | DEW data entry window 


Vpop LOSE load output shift register enable 


M81—1273/2 


Fig.2 Pinning diagram 


DESCRIPTION 

The basic input to the SAA5020 is a 6 MHz clock signal from the Video Processor Circuit (SAA5030). 
This clock signal is buffered and is available as an output. A divide-by-six counter produces the character 
rate of 1 MHz. This is followed by a divide-by-64 to produce the line rate and a further divide by 312/313 
to derive the field rate. 

The line rate is also divided by 10 to clock a divide-by-24 counter for the teletext memory row addresses. 
Logic is incorporated to enable the selection of big character display, and to enable the display of trans- 
mitted large characters. An output is provided to enable character rounding for normal height characters. 
A composite sync. signal (AHS) is available as an output which can be used to synchronise the display 
time bases. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices. (See Handling MOS 


Devices). 
RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134). 


Voltages (with respect to pin 1) 


min max 
Supply voltage (pin 12) VpD —0.3 7.5 V 
Input voltage All inputs ae 
(pins 2,6, 10, 15, 16, 17, 18) V\ —0.3 7.5 V 
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Teletext timing chain SAA5020 


RATINGS (continued) 


min. typ. max. 

Output voltage (pins 3, 4, 5, 7, 11, 13, 14) Vo —0.3 7.5 #V 

(pins 16, 19, 20, 21, 23, 24) Vo —0.3 7.5 V 

(pins 8, 9) Vo —0.3 13.2 V 
Temperatures 
Storage temperature range Tstg —20 to +125 
Operating ambient temperature range Tamb —20to+70 °C 
CHARACTERISTICS 
Supply voltage (pin 12) Vpp 4.5 — 5.5 V 
The following characteristics apply at Tamb = 25 OC and Vpp = 5 V unless otherwise stated. 
Supply current IDbD _ 20 50 mA 
Inputs 
6 MHz - F6 (pin 2) 
Input voltage; HIGH VIH 3.5 — 6.5 V 
Input voltage; LOW VIL Note1 — 0 6 6V 
Rise time (between 0 V and 3.5 V levels) tr _ — 25 ns 
Fall time (between 0 V and 3.5 V levels) ty — — 20 ns 
Mark/space ratio (measured at 1.5 V level) 40:60 — 56:44 
Input leakage current (V, = 5.5 V) liR 0.2 — 2 wA 
All other inputs FLR (pin 6), FS (pin 10), TLC (pin 15), 

HIE (pin 16), BCS (pin 17), T/B (pin 18) 

Input voltage; HIGH VIH 2.0 oe Vpop V 
Input voltage; LOW VIL 0 oe 0.8 V 
Input leakage current (V, = 5.5 V) lim _ — 10 wA 
Input capacitance C\ — — 7 pF 
Outputs 
TR6 (pin 3) 
Output voltage; LOW (Io, = 100 uA) VOL 0 _ 0.4 Vv 
Output voltage; HIGH ( —l54, = 100 ZA) VOH 2/9 _ Vpp V 
Output load capacitance CL — — 15 pF 
Output rise time N ty _ - 30 ons 
Output fall time ote 2 tf — _ 30 ns 
Mark/space ratio 40:60 — — 


June 1981 253 


254 


SAA5020 


min. 

F1 (pin 4) 
Output voltage; LOW (Io; = 100 uA) Note 4 VOL 0 
Output voltage; HIGH ( —IGQy = 100 wA) VOH 2.75 
Output load capacitance CL _ 
Output rise time Note 2 tr —_ 
Output fall time 7 te _ 
Mark/space ratio a 
Delay time (measured from rising edge 

of TR6) Note 3 tq 7 
AHS (pin 5) 
Output voltage; LOW (lo, = 100 uA) Note 5 VOL 0 
Output voltage; HIGH ( —I gp = 200 vA) VOH 2.4 
Output load capacitance CL _ 
Output rise time | ty _ 
Output fall time | Note 2 tf _ 
Delay time (falling edge measured from 

F 1 rising edge) Note 3 0 
GLR (pin 7) 
Output voltage; LOW (Io, = 0.9 mA) VOL 0 
Output voltage; HIGH ( —IQ} = 100 A) VOH 2.4 
Output load capacitance CL — 
Output rise time | Note 2 tr _ 
Output fall time | tr _ 
Delay time Note 3 tq 0 
PL (pin 8) (Open drain) 
Output voltage; LOW (Io, = 2 mA) VOL _ 
Output current in off state (VQ = 6 V) lo — 
Output load capacitance CL _ 
Output fall time Note 2 te — 
Delay time Note 3 tq 0 
CBB (pin9) (Open drain) 
Output voltage; LOW (Io, = 1 mA) VOL 0 
Output current in off state (Vo = 6 V) lo si 
Output load capacitance Cy — 
Output fall time Note 2 tf — 
Delay time Note 3 tq 0 
CRS (pin 11) 
Output voltage; LOW (IQ, = 100 uA) VOL 0 
Output voltage; HIGH (—IO} = 100 vA) VOH 2.4 
Output load capacitance CL — 
Output rise time tr _ 
Output fall time Note 2 tf = 
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typ. 


max. 


ns 


Teletext timing chain SAA5020 


min. typ. max. 
LOSE (pin 13) 
Output voltage; LOW (Io, = 100 pA) VOL 0 — 04 V 
Output voltage; HIGH (—IQp = 100 uA VOH 2.4 — Vpp V 
Output load capacitance CL — _ 30 pF 
Output rise time | Note 2 tr - — 50 ns 
Output fall time | ts _ — 50 ns 
Delay time (measured from F 1 falling edge) tq 0 — 250 ns 
Note 3 
DEW (pin 14) | 
Output voltage; LOW (Io, = 100 pA) VOL 0 — 04 V 
Output voltage; HIGH ( —Ioyy = 100 pA) VOH 2.4 — VDD V 
Output load capacitance CL _ — 42 pF 
Output rise time | tr _ — 200 ns 
Output fall time | NPIS tf —_ — 200 ns 
Delay time (measured from falling edge tg 7.5 8.5 ys 
of CBB ) Note 3 
A0,A1,A2 (pins 19, 20 and 21) 3-state 
Output voltage; LOW (lo, = 100 uA) VOL 0 — 0.4 V 
Output voltage; HIGH (—Ioy = 100 uA) VOH 2.4 — Vpp V 
Output load capacitance CL — — 85 pF 
Output rise time | tr _ — 1 ws 
Output fall time | Nous tf = = 1 ps 
Delay time (measured from falling edge tq a _ 10 us 
of CBB) Note 3 
Leakage current in ‘off’ state (VQ =5.5 V) » liR a = 10 pA 
High impedance switching time 
Into high impedance state 0 — 0.9 us 
From high impedance state 1 — 2.9 wus 


A3,A4 (pin 22 and 23) 3-state 
Output voltage; LOW (Io, = 1.6 mA) VOL 0 — 04 V 


All other parameters are as for Ag to Ag 


RACK (pin 24) 3-state 


Output voltage; LOW (Io, = 1.6 mA) VOL 0 — 0.4 V 
Output voltage; HIGH ( —Io}4 = 100 pA) VOH 2.4 o Vpp V 
Output load capacitance CL _ — 40 pF 
Output rise time | tr —~ — 60 ns 
Output fall time j Note 2 | ty — — 300 ns 
Delay time (measured from dalling edge tq 150 oe 280 ns 
of F1) Note 3 
Leakage current in ‘off’ state (Vo = 5.5 V) lip _ — 10 ywA 
High impedance switching time 
Into high impedance state 1 — 2.9 us 
From high impedance state 0 _ 0.9 us 
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CHARACTERISTICS (continued) 


Notes 


qT 


This input incorporates an internal clamping diode, nominal Vj (min) = —0.5 V. 


pin6 pin 2 (F6) 


SAA5030 SAA5020 


1kX2 C, =20pF max = V 


pin 4 pin 1 (Vgo) 


M81 1273/3 


Fig.3 Capacitive coupling network for F6 


Rise and fall times are measured between the 0.8 V and 2.0 V levels unless otherwise stated. 


All delay times are measured from the rising edge of F1 unless otherwise stated. 
All delay times are measured at the 1.5 V level on the input to either the 2.0 V level on the rising 
edge of the output of the 0.8 V level on the falling edge of the output. 


iOL may be increased to 1 mA if load capacitance is less than 10 pF. 
lOL may be increased to 1.6 mA. Delay time will be increased to 350 ns max. 


APPLICATION DATA 
The function is quoted against the corresponding pin number. 


For details of output waveforms see Fig.5 


Pin No. 
1. Vsgsg Ground —OV, 
2. F6 


This input is the 6 MHz master clock signal and is used to derive the basic timings for the teletext 
display. It contains an internal diode clamp. 


‘TR6 


This output is the 6 MHz character dot rate clock signal for the SAA5050 Teletext Character 
Generator. 
F1 

This output is a 1 MHz character repetition rate clock signal for the SAA5040 Teletext Acquisition 


and Control device and the SAA5050 Teletext Character Generator. 
This output is synchronous with TR6, with a positive-going edge occuring at time zero of the line. 


AHS After hours sync 

This output signal is an internally generated TV compound sync signal which may be used to 
synchronise the display (Fig.4). | 

FLR Fast line reset 


This input from the SAA5030 Video Processor is used to reset the internal TV line rate counter. 
It is a positive-going pulse of approximately 4.6 us duration, and occurs during initial set-up of 
the phase-locked system. 
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Teletext timing chain 


14. 


15. 


GLR General line reset 


SAA5020 


This output is a TV line frequency signal used for reset and clock functions in the SAA5040 
Teletext Acquisition and Control device, and the SAAS050 Teletext Character Generator. It is 


a 1 ws negative-going pulse commencing 5 us from the start of each line. 


PL Phase lock 


This line frequency output signal to the SAA5030 Video Processor is used to phase lock the 
6 MHz display system clock to the incoming television video signal. It is a 4 us negative-going 


pulse commencing at 62 us into line. 


CBB Colour burst blanking 


This output signal is used to reset internal data processing and sync circuits within the SAA5030 
Video Processor. It is an 8 us negative-going pulse starting at time zero of the line. 


FS Field sync 


This input signal from the SAA5030 Video Processor is used to reset the field rate counter, to 


maintain correct field sync with incoming video. 


CRS Character rounding select 


This output signal to the SAA5050 Teletext Character Generator is required for correct character 
rounding of smal! characters within the character generator. The output is HIGH for even fields 


(0-313 lines) and LOW for odd fields (314-625 lines). 


Vpp + 5 V Supply 
This is the power supply input to the circuit. 


LOSE Load output shift register enable 


This output signal to the SAA5050 Teletext Character Generator is used to reset internal control 
character flip-flops prior to the start of each display line. This signal also defines the character 
display period. It is a positive-going pulse of duration 40 us after the start of the line and occurs 


on lines 49 to 288 and 362 to 601 only. 


DEW Data entry window 


This output defines the period during which data may be extracted from the incoming television 
signal and written into the page memory. This signal is required by the SAA5040 Teletext 
Acquisition and Control device and the SAA5050 Teletext Character Generator. This is a positive- 
going pulse commencing at the end of line 5 and finishing at end of line 22 and similarly for lines 


318 and 335. 


TLC Transmitted large character 


This input from the SAA5050 Teletext Character Generator is to enable the correct display of 
large characters under broadcast control. It is HIGH for normal character display and must 


be taken LOW for large character display. 


HIE High impedance enable 


This input when taken HIGH will switch the address and address clock (RACK) outputs to their 
high impedance state. For normal teletext operation this input should be connected to the DEW 


output (pin 14). 
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APPLICATION DATA (continued) 


17. BCS Big character select 


This input from the SAA5040 Teletext Acquisition and Control circuit is used to enable the 
correct display of large characters. It must be HIGH for normal character display and taken LOW 
for large character display. 


18. T/B Top or bottom select 


This input from the SAA5040 Teletext Acquisition and Control device controls the RAM row 
address logic for correct operation of page display when large character display has been 
selected under user control. It must be LOW for the top half to be displayed, and HIGH for the 
bottom half. 


19,20 AO to A4 Memory addresses 


21,22 These 3-state outputs to the teletext memory provide the RAM row addresses during the 

23 display period (i.e. TV lines 49 to 288 - 362 to 601 inclusive). These outputs switch to the 
high impedance state when HIE (pin 16) is taken HIGH. All address outputs are LOW during 
line 40. 
During display period the outputs provide a binary count sequence which is increased every 
ten lines in small character mode and every twenty lines in large character mode. If any row 
contains transmitted large characters the address is incremented by two after 20 lines. 


24. RACK Read address clock 


This 3-state output is a 1 MHz clock occuring during the display period of the line only. This 
output is used to clock the external RAM address counter during the display period. The 
output will switch to the high impedance state when HIE (pin 16) is taken HIGH. The clock 
starts with a positive edge 14.65 us from the start of a line and finishes with a negative-going 
edge at 53.15 us. 


258 June 1981 


L861 aunr 


652 


ODD FIELD 
(620) (621) (622) | (623) (624) (625) 


307 308 309 310 31 312 


; oan lines —wyt— 2.5 lines 


Line sync pulses (4.66j:sec) | Five equalising pulses 
Occur at beginning of 2.33 us long 
each line + 100ns 


| 
| 
| 
| 
| 


307 308 309 310 31 312 


EVEN FIELD 
Initiated at end of line 310 for 


Five broad pul 
27.33 pS long 
+ 100ns 


313 1 
(314) 


= 2.5 lines 
ses | Five equalising me 


2 
(315) 


2.33 us long 
+100ns 


| 
| 
| 
| 
| 


3 4 
(316) (317) 


even field and at end of 


Fig.4 After hours sync waveforms (AHS) 


D8064 


Line sync pulses 
4.66ys long 


5 6 7 
(318) (319) (320) 


line 309% for odd field 


_| 
© 
ne 
@ 
x* 
o 
S. 
2. 
= 

To) 
° 
> 
S 
= 


OcOSVVS 


092 


L861 eunr 


LINE RATE (us) 


Fi 


RACK 


CBB 


r~ Display period 
— — —+»Continuous 


5 10 5165 20 23 30 35 4.0 45 
: 


ere eee ecm 


| 

| 

| 
a 

| 

| 


FIELD RATE (Line Nos ) 


DEW 


RAM address 


595 600 605 610 615 620 625 5 10 15 20 25 30 35 40 45 50 55 60 65 70 
282 287 292 297 302 307 312 | | | | | | 4 | | 


CeueEUE) SRGESSEES ULE 


High impedance (HIE connected to DEW) 


Fig.5 SAA5020 Output waveforms 


50 55 56.5 


Ds8065a - 


OcOSVVS 


DEVELOPMENT DATA 
This data sheet contains advance information and SAA5025D 


specifications are subject to change without notice. 


TELETEXT TIMING CHAIN FOR USA 525 LINE SYSTEM 


GENERAL DESCRIPTION 


The SAA5025D is a MOS N-channel integrated circuit which performs the timing functions for a Tele- 
text system. It provides the necessary timing signals to extract data from a memory and produce a 
display according to the USA 525 line television standard (system M). 

The SAA5025D may be used in conjunction with the SAA5030 (Teletext video processor; VIP) the 
SAA5050 (Teletext character generator; TROM), the SAA5040B (Teletext acquisition control; TAC) 
and the SAA5045 (Gearing and Address Logic Array; GALA). 


Features 


@ Designed to operate with USA 525 line television standard (system M) 
@ For 24 row (8 TV lines per row) x 40 character display 

@ Big character select input for double height characters 

@ Composite sync signal output for display time-base synchronization 


TRE FI FLR FS Vop Yss 
3 
pu? INPUT 
BUFFER 
DEW 
SAA5025D [ie LOSE 
CBB 
DECODE aa er 
BIG LOGIC ee 
= GLRD 
T/B CHARACTER ea 
LOGIC ea GLR 
isl 
DEN 
OUTPUT 
BUFFER 
alia.) 21 28 
Ag Ay Ag Az Aq HIE TLC BCS RACK DE 7287766 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117D). 
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PINNING 
RACK 1 Vss ground 
i 2 F6 6,0419 MHz clock input 
3 TRE 6,0419 MHz clock output 
Ay 4 Fi 1,007 MHz clock output 
‘ 5 AHS after hours sync output 
6 DE display enable input 
A3 7 FLR fast line reset input 
; 8 GLRD general line reset delay output 
4 9 GLR general line reset output 
T/B 10 GLRS general line reset starting output 
SAA5025D __ 11. PL phase lock open drain output 
BCS 12 CBB colour burst blanking output 
HIE 13 FS field (picture) sync input 
ea 14 CRS character rounding select output 
TLC 15 Vpp positive supply (+ 5 V) 
DEN 16 LOSE load output shift register enable output 
17 DEW data entry window output 
p17) DEW 18 DEN display enable output (negative-going) 
6] Lose 19 TLC transmitted large characters input 
20 HIE high impedance enable input 
115] Vpp 21 BCS big character select input 
— 22 T/B top/bottom select input 
Fig. 2 Pinning diagram oo 4 
24 A3 
25 Ad memory row address outputs (3-state) 
26 Ay 
27 Ag 


28 RACK read address clock output 


FUNCTIONAL DESCRIPTION 


The basic input to the SAB5025D is a 6,0419 MHz clock signal (e.g. from SAA5030). The clock input 
(F6) is buffered and also available as an output at TR6 to provide a dot rate clock. The signal at F6 is 
divided by 6 to produce the 1,007 MHz character rate clock at output F1, which is in turn divided by 
64 to produce the line period of 63,556 us. A divide-by-262 or 263 counter, clocked at line rate, 
produces a field (picture) period of 16,683 ms (average) i.e. 33,366 ms for divide-by-525. The display 
format is 40 characters per row for 24 rows (1 row is 8 TV lines). 

A big character select (BSC) input is provided and it enables double-height characters (16 TV lines per 
row) to be displayed. The top or bottom select (T/B) input must be used in conjunction with BCS to 
select either the top half or bottom half of the page to be displayed on the television screen. 

A composite sync (AHS) output is available for synchronizing the display timebase. A high-impedance 
enable (HIE) input is included to switch the read address clock (RACK) and the memory row address 
(Ag to Ag) outputs into their high-impedance states. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
“Handling MOS Devices’’). 


262 August 1984 


Teletext timing chain for USA 525 line system SAA5025D 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


Supply voltage range 

Input voltage range (note 1) 
High-impedance state output voltage 
Open drain output voltage - 


Electrostatic charge protection 
on all inputs and outputs (notes 2 and 3) 


Total power dissipation per package 


Operating ambient temperature range 


Storage temperature range 


Notes to ratings 


1. See also characteristics on F6 input and Fig. 10. 

2. Equivalent to discharging a 250 pF capacitor through a 1 kQ series resistor. 
3. N.B.: the SAA5025D is not protected against TV tube flash-over. 

4. All outputs are TTL compatible. 


DEVELOPMENT DATA 
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CHARACTERISTICS 
Tamb = 25 °C; F6 input frequency = 6,041957 MHz; unless otherwise specified 


V 


Supply 
Supply voltage 


Supply current 


Inputs 
‘Input leakage currents 
F6 


FLR, TLC, FS, HIE, BCS, 
T/B, DE 


Input capacitance; all inputs 


HIGH level input voltages 
F6; see Fig. 10 


FLR, TLC,FS, HIE, BCS, 
T/B, DE 


LOW level input voltage 
all inputs; see Fig. 10 


Input rise and fall time 
F6; see Fig. 6 


Input F6 duty factor 
(see Fig. 10) 


* These values give no noise immunity. 


August 1984 


Teletext timing chain for USA 525 line system SAA5025D 


Outputs 


Output node capacitance 
all outputs 


Output leakage current 
high-impedance state; 
Ag to Aq, RACK 


Output leakage current 
open drain; PL, CBB 


Output TR6 6,041957 MHz clock 


HIGH level output voltage 
—lOoH = 100 vA 


LOW level output voltage 
lo_ = 100 vA 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Duty factor at 1,5 V level 
depends on input F6 
see F6 data and Fig. 10 


Output F1 1,007 MHz clock 


HIGH level output voltage 
—lop = 100 vA 


LOW lfevel output voltage 
lot = 400 vA 


Output load capacitance 


DEVELOPMENT DATA 


Output rise and fali times 
see Fig. 7 


Propagation delays from rising 
edge of TR6; see Fig. 8; 
H!IGH-to-LOW and LOW-to-HIGH 


Duty factor at 1,5 V level 
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CHARACTERISTICS (continued) 


Output AHS see Fig. 6 


HIGH level output voltage 
—IQH = 200 LA 


LOW level output voltage 
lol =1,6mA 


symbol 


al a 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 


ceed ye 


Outputs GLR, GLRD, GLRS 
see Fig. 3 


HIGH level output voltage 
—lQH = 100 uA 


LOW level output voltage 
lol = 0,8 mA 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
HIGH-to-LOW and LOW-to-HIGH 


Output PL see Fig. 3 


LOW level output voltage 
loL=2mA 


Output load capacitance 


Output fall time; see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 
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Teletext timing chain for USA 525 line system SAA5025D 


V 


Output CBB see Fig. 3 


LOW level output voltage 
Io, =2mA 


Qutput load capacitance 
Output fall time; see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 


Output CRS 


HIGH level output voltage 
—lQH = 100 pA 


LOW level output voltage 
lot = 100 pA 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Output LOSE see Fig. 3 


HIGH level output voltage 
—lQH = 100 pA 


LOW level output voltage 
lot = 100 vA 


Output load capacitance 


DEVELOPMENT DATA 


Output rise and fall times; see Fig. 7 
Propagation delay from rising 
edge of F1; see Fig. 8; 
HIGH-to-LOW and LOW-to-HIGH 
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CHARACTERISTICS (continued) 


ee ee 
V | 


Output DEN 


HIGH level output voltage 
—loy = 200 vA 


LOW level output voltage 
lo, = 100 uA 


Output load capacitance 


‘Output rise and fall times 


Propagation delay from rising 
edge of F1; 
H!GH-to-LOW and LOW-to-HIGH 


Output DEW see Fig. 4 


HIGH level output voltage 
-IQH = 200 vA 


LOW level output voltage 
lo. = 1,6 mA 


Output load capacitance 
Output rise and fall times 


Propagation delay from rising 
edge of CBB; see Fig. 8; 
H!IGH-to-LOW and LOW-to-HIGH 
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Teletext timing chain for USA 525 line system SAA5025D 


V 


Outputs Ag to Aq 
see Fig. 4 
HIGH level output voltage 5 — Vpp V 
—loyH = 100 vA 
LOW level output voltage 5 — 0,4 V 
lo, = 1,6 mA 
Output load capacitance _ 85 pF 
Output rise and fall times — 1 Us 
Propagation delay from falling — 9,0 us 
edge of CBB; see Fig. 8; 
HIGH-to-LOW and LOW-to-HIGH 
Propagation delay from rising 5 _ 0,9 ms 
edge of HIE to high-impedance 
state; see Fig. 9 
Propagation delay from falling 5 — 2,9 us 
< edge of HIE to normal active 
e state; see Fig. 9 
a) 
[a Output RACK see Figs 3 and 4 
uu 
= HIGH level output voltage 5 = Vpp |V 
a. a! 
oO —IoH = 100 pA 
_t 
uu LOW level output voltage 5 _ 0,4 V 
> _—— 
us OL = 1,6mA 
Output load capacitance 5 — 40 pF 
Output rise and fall times 5 — 60 ns 
see Fig. 7 ~ 300 ns 
Propagation delay from falling 5 — 280 ns 
edge of F1; see Fig. 8; 
H!IGH-to-LOW 
Propagation delay from rising 5 — 2,9 Ms 
edge of HIE to high-impedance 
state; see Fig. 9 
Propagation delay from falling 5 — 0,9 Us 


edge of HIE to normal active 
state; see Fig. 9 
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Fig. 3 Timing diagram showing the line-rate signals. 


asc0SVVS 


DEVELOPMENT DATA 


465 475 485 495 505 515 525 
202 212 222 232 242 a 262 10 20 30 40 50 60 70 80 90 
| | | | | | | | | | | | | | | 


a a ne nS, 6 (a ee ee ee, 
(inhibit) 

ce et ae pe ee 

By 7) 


re 
' 7287763 


| 
= 
pd 
@ 
x 
o> 
et. 
3 
= 
=] 
7) 
= 
= 
= 
= 
2) 
= 
Cc 
n” 
> 
ol 
NO 
ol 
= 
@ 
~” 
< 
pt 
@ 
S 


Fig. 4 Timing diagram showing the decoded signals from the field (picture) counters. 
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Fig. 5 Timing diagram showing the field-rate signals. 
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Fig. 6 After hours sync waveforms. 
L = line sync pulses (4,2 to 5,1 ys) 

E = equalizing pulses (2,29 us + 10%) 
B = broad pulses (26,4 to 28 us) 


Teletext timing chain for USA 525 line system SAA5025D 


PUSH-PULL 
OUTPUTS a0N 
(1) Pen, 
—~| |< —~| |~<— 
r ty 
5,5V 
OPEN DRAIN 
OUTPUTS 
(2) 10V 
saan Mee 7287768 


(1) These outputs will be tested with simulated TTL loads and with the load 
resistors adjusted such that the correct current conditions are obtained. 


(2) These outputs will be tested with 3 kQ resistors to the +6 V line for 
outputs PL and CBB. 


Fig. 7 Definition of the rise and fall times for the output stages. 


reference 
waveforms 
15V 4 - ---- + 
—>| TPLH |<— 
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OUTPUTS 
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DEVELOPMENT DATA 


Fig. 8 Definition of the propagation delays for the output stages. 
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Fig. 9 Definitions of the high-impedance state propagation delay times. 


August 1984 273 


SAA5025D 


274 


(pin 6) F6 F6 (pin 2) 


SAA5030 SAA5025D 


Vss (pin 1) 


(pin 4) GND 


2,7 V 
F6 
INPUT 1,5V 
(SAA5025D) 

0 

—0,4V 
i r 
7Z287771.1 


Fig. 10 Recommended 6 MHz interface circuitry between the SAA5025D and the SAA5030 (input F6). 
With this circuitry the F6 input will be set to a level of approximately —0,4 V in the LOW state. This is 
acceptable as the internal clamping diode in the F6 input of the SAA5025D provides an adequate cur- 
rent clamp; also shown is the F6 input waveform with the appropriate definitions. 


t 
The duty factor is defined as: Px 100% 
tp + ty 
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APPLICATION INFORMATION 
The function is described against the corresponding pin number. 


1. Vgs -- ground (0 V) 


2. F6 — 6,041957 MHz clock input 


Obtained from video processor (SAA5030) or other source. The permissible mark/space ratio is in 
the range from 56:44 to 40:60 (see also Fig. 10). 


3. TR6 — 6,041957 MHz clock output 
Dot-rate clock for Teletext character generator SAA5050 series. 


4. F1— 1,007 MHz clock output 
Character-rate clock for Teletext character generator SAA5050 series. 


5. AHS — after hours sync output 


A composite sync waveform consisting of a successive sequence of line sync pulses (LSP) followed 
by six equalizing pulses (EP), six broad pulses (BP) and six equalizing pulses (EP), and is followed by 
another sequence of LSP. This composite sync waveform occurs at the end and beginning of each 
field/picture (see also Fig. 6). 


6. DE - display enable input 


A LOW level signal from the Teletext acquisition and control circuit (SAA5040 series) to this input 
switches output DEN to the LOW state. 


7. FLR -- fast line reset input 


This is the input for a positive-going pulse with a duration of 0,5 us to 63 us which resets the line 
rate counter (+ 64). 

After accepting an FLR pulse, further resets are inhibited for one line period of approximately | 
63,5 us. 


DEVELOPMENT DATA 


8. GLRD — general line reset delay output 


A negative-going pulse with a duration of 993 ns which commences 5,96 us from the start of each 
line (see also Fig. 3). 


9. GLR — general line reset output 


A negative-going pulse with a duration of 993 ns which commences 3,97 ys from the start of each 
line (see also Fig. 3). 


10. GLRS — general line reset starting output 


A negative-going pulse with starting 3,97 us and ending 7,94 us from the start of each line (see 
also Fig. 3). 


11. PL — phase lock open drain output 


This open drain output is used to lock the oscillator in the SAA5030 to the line rate. It is a 
negative-going pulse with a duration of 3,96 us which starts at 61,58 us on one line and it ends 
at 1,98 us after the start of the following line (see also Fig. 3). 
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APPLICATION INFORMATION (continued) 
12. CBB — colour burst blanking output 


This open-drain output blanks the colour burst in the SAA5030. It is a 7,94 us negative-going pulse 
which starts at the beginning of each line (t = 0; see also Fig. 3). 


13. FS — field (picture) sync input 


This input accepts a positive-going pulse of approximately 160 us duration. Its leading edge occurs 
during the second half of line one on even fields (half picture) and correspondingly in odd fields 
(other half picture). It is ignored during the odd field. 


14. CRS — character rounding select output 


The output signal starts HIGH during the even field (lines 1 to 263), goes LOW after the 1st LOSE 
pulse, again HIGH after the 2nd LOSE pulse, then LOW after the 6th LOSE pulse and finally 
HIGH at the end of the 7th LOSE pulse. This sequence repeats every 8 lines (every row) for the | 
entire display period (see also Fig. 5). For the odd field (lines 264 to 525) CRS starts HIGH, goes 
LOW after the 2nd LOSE pulse, again HIGH after the 5th LOSE pulse, then LOW after the 7th 
LOSE pulse and finally HIGH at the end of the 8th LOSE pulse. This sequence repeats every 

8 lines (every row) for the entire display period (see also Fig. 5). 


15. Vpp — Positive supply (+ 5 V) 


16. LOSE — load output shift register enable output 


This is a positive-going output pulse of 39,72 us duration commencing 13,41 us from start of line 
valid during line 47 to 238 inclusive, for the even field. A step-pulse starting at the count of 3 
characterrate clock pulses (F1) after the 2nd and 7th LOSE pulses and of the count of 3 character- 
rate clock pulses repeated every row is included. For the odd field, the LOSE pulse is preceded 

by a pre-pulse of 7 us duration commencing 7,41 us in line 20 and has a step-pulse after the 5th 
and 8th pulse, repeated every row (see also Fig. 5). 


17. DEW — data entry window output 


This output defines the period during which data may be extracted from the incoming television 
signal. It is HIGH during line 7 to 18 inclusive for the even fields and line 270 to 281 inclusive 
for the odd fields. The positive-going pulse has a duration of 762,67 us and commences at 6,95 us 
from the start of the line (see also Fig. 4). 


18. DEN — display enable output 


The output pulse is positive-going at 13,5 us from the start of a line to 56,5 us and is active during 
line 47 to 238 inclusive if the DE input is HIGH. If the DE input is LOW, the DEN is held in the 
LOW state. 


19. TLC — transmitted large characters input 


When this input is LOW, it enables rows of double-height characters to be displayed as required. 
Large characters descend into the next memory row address location. TLC is always HIGH 
(i.e. small) for the first line of a row, even if it contains large characters. 


20. HIE — high impedance enable input 


When this input is in the HIGH state it will force the RACK and memory row address output into 
the high-impedance state. For normal Teletext operation this input should be connected to the 
DEW output (pin 17). 
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Teletext timing chain for USA 525 line system 


21. BCS — big character select input 


For normal size character display this input signal must be HIGH while a LOW gives double-height 
characters. 


22. T/B -- top/bottom select input 


When both BCS and T/B are LOW the top half of a page is displayed with double-height characters. 
If T/B is HIGH and BCS is LOW the bottom half of the page is displayed also with double-height 
characters. 


23 to 27. Ag to Aq — memory row address outputs (3-state) 


These binary count outputs sequencing from 00000 (count 0) to address 10111 (count 23) for the 
40 x 24 format. 

The binary count changes every 8 TV lines per row in the display period of line 47 to 238 inclusive 
for the 24 row display. The count changes between 6,5 us and 9,0 us during the line period. 


28. RACK — read address clock output 


This is the read address clock output to the SAA5045 (GALA) column address counter during the 
display period. It consists of 39 positive pulses at the 1,007 MHz rate starting at 13,57 us from the 
start of the line period with the last negative edge occuring at 51,8 us. This sequence is active on 
line 45 to 238 inclusive. RACK is delayed by two F1 clock periods for the whole of the field when 
input DE is LOW for the whole of line 39. On line 19 to 44 inclusive output RACK is permanently 
delayed by two F1 clock periods, unaffected by DE. 


Note 


In the big character top mode the memory row address count is 0 to 11 and in the big character bottom 
mode the count is 12 to 23. 
Each big character row is equal to 16 television lines. 


The memory row addresses are held LOW for one line period starting 6,5 us to 9 ws from the beginning 
of line 36 which is only valid in the big character bottom mode. 
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TELETEXT VIDEO PROCESSOR 


The SAA5030 is a monolithic bipolar integrated circuit used for teletext video processing. It is one of 
a package of four circuits to be used in teletext tv data systems. The SAA5030 extracts data and data 
clock information from the television composite video signal and feeds this to the Acquisition and 
Control circuit SAA5040. A 6 MHz crystal controlled phase locked oscillator is incorporated which 
drives the Timing Chain circuit SAA5020. An adaptive sync separator is also provided which derives 
line and field sync pulses from the input video in order to synchronise the timing chain. 


QUICK REFERENCE DATA 


Supply voltage Vcc nom. 12 V 
Supply current (Vcc = 12 V) icc typ. 110 mA 
Video input amplitude (sync-white) V 16video(p-p) nom. 2.4 V 
Teletext data input amplitude V16teletext(p-p) nom. 1.1 
Sync amplitude V16sync(p-p) nom. 0.7 
Operating ambient temperature range Tamb —20 to +70 °C 
to SAA5040 series 
(072327 
data clock 


e e 
z =~ 


REGENERATOR 


ADAPTIVE 
DATA SLICER 


SIGNAL 
PRESENCE 
DETECTOR | 


video 4 
input 


ADAPTIVE PHASE 6 MHz CLOCK 


SYNC SEPARATOR DETECTOR OSCILLATOR 
—_ eek 
sync from 6 MHz clock 
SAA5020 to SAA5020 M81—1163/1/B 


Fig.1 Block diagram 


PACKAGE OUTLINE 
24-lead DIL; plastic (GOT—101A with internal heat spreader). 


June 1981 


279 


SAA5030 


PINNING 


to signal presence time TCSP 
constant components 


line reset time constant TCLR 


fast line reset output FLR 


ground (OV) GND 


sandcastle input PL/CBB 


6MHz output F6 


to phase detector time 
constant components 


CPD 


6MHz crystal inpUEEOT 


oscillator 
output F6Q 


picture on input PO 


after hours sync input AHS 


sync output to tv SYNQ 
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Fig.2 Pinning diagram 


C2S peak detector capacitor pin 

C1S peak detector apse pin 
CCLK to clock pulse timing capacitor 
LCLK clock regenerating coil 

CA clock phase capacitor 

DATA data output 

F7 clock output 

Vec +12V supply 

Vl composite video input 

CSS to sync separator capacitor 


FSST field sync separator timing 


FS field sync output 


M81—1163/2/A 


Teletext video processor SAA5030 


RATINGS Limiting values in accordance with the Absolute Maximum System. (IEC134) 


Voltages 

Supply voltage V47.4 Vcc max. 13.2 V 

Input voltages V5.4 V\ max. 9.0 V 
V10-4 V\ max. Vcc V 
V11-4 Vy max. 7.5 V 

Temperatures 

Storage temperature range Tstg —20 to +125 oC 

Operating ambient temperature range Tamb —20 to +70 oC 


CHARACTERISTICS (At Tamb = 25 °C, Vcc = 12 V and with external components as shown in Fig.3 
unless otherwise stated). 


min typ. max 

Supply voltage Vcc 10.8 12.0 13.2 V 
Supply current (Vcc = 12.0 V) lcc _ 110 — mA 
Video input and sync separator 
Video input amplitude (sync to white) Fig.4 V 16video(p-p) 2.0 1.4 3.0 V 
Source impedance, f = 100 kHz | Zs| —_ a 250 QQ 
sync amplitude Vi6sync(p-p) 9-07 0.7 1.0 V 
Delay through sync separator tg — 0.5 — ps 
Delay between field sync datum at pin 12 

and the leading edge of separated field 

sync at pin 13 (Note 1, Fig.4) tq 32 48 62 us 
Field sync output 
Vo (LOW) (143 = 20 pA) VOL — — 05 V 
Vo (HIGH) (—143 = 100 wA) VOH | 2.4 _ — V 
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Crystal controlled phase-locked oscillator 
Measured using a crystal with the following specification e.g. catalogue number 4322 143 03241 


Cy, = 27.5 fF (typ.) 
Co= 6.8 pF (typ.) 
Cy = 20 pF 


Trimability (Cj increased to 30pF) > 750 Hz 


Fundamental ESR < 50 22 
min. typ. max. 


Frequency fF ee 6.0 = MHz 
Holding range 1,5 3.0 _ kHz 
Catching range 1.5 3.0 — kHz 


Control sensitivity of phase 
detector measured as voltage 
at pin 7 with respect to phase 
difference between separated 
syncs and phase lock pulse PL — 0.3 — mV/ns 


Control sensitivity of oscillator 
measured as change in 6 MHz 
phase shift from pin 8 to pin 9 
with respect to voltage at pin 7 — 2 — deg/mV 


Gain of sustaining amplifier, V9.g 
measured with input voltage of 
100 MVp-p and phase detector 
immobilised 2.5 — — V/V 


Output voltage of 6 MHz signal at 
pin 6, measured into 20 pF load 
capacitance; peak-to-peak value — 5.5 — V 


Output rise and fall times at pin 6 

into 20 pF load tr; tf _ —_ 30 ns 
Data slicer and clock regenerator 
Teletext data input amplitude, pin 16 

(Note 2, Fig.4); peak-to-peak value _ 1.1 _ V 


Data input amplitude at pin 16 required 
to enable amplitude gate flip-flop; 


peak-to-peak value — 0.46 — V 
Attack rate, measured at pins 23 and 24 
with a step to pin 16 (positive) _ 15 — V/us 
(negative) — 9 — V/us 
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Data slicer and clock regenerator (continued) min. typ. max. 
Decay rate, measured at pins 23 and 24 
with a step input to pin 16 48 100 144 mvV/ys 


Width of clock coil drive pulses from pin 21 
when clock amplitude is not being controlled 


(Note 3) _ 40 — ns 
Clock hangover measured at pin 18 

as the time the clock coil continues Clock 

ringing after the end of data (Note 4) 20 — — Periods 


Clock and data output voltages at pins 18 and 19 
measured with 20 pF load capacitance; 


peak-to-peak value — 5.5 — V 
Output rise and fall times at pins 18 and 19 
into 20 pF loads tr; tf — — 30 ~=~=ns 


Sandcastle input 
Sandcastle detector thresholds, pin 5 


Phase lock pulse (PL) on 2 — — V 
Phase lock pulse off. _ — 3. ¢=é«C8V 
Blanking pulse (CBB) on 4.5 — — V 
Blanking pulse off _ _ 55 V 


Dual polarity sync buffer 
After hours sync (AHS) pulse input pin 11 a 


Threshold for AHS active — 10 V+*— 

Threshold for AHS off 2.0 — _— Vv <+ 
Picture On (PO) input, pin 10 

Threshold for PO active 2.0 — = | aes 

Threshold for PO off _ _ 10 V+ 
Sync output, pin 12 

AHS output with pin 10 <1 V (Note 5) 

peak-to-peak value _ 0.7 — V 

Composite sync output with pin 10 

> 2 V (Notes 5 and 6); peak-to-peak value — 0.7 10 V 

Output current — — | mA 
Line reset and signal presence detectors 
Schmitt trigger threshold on pin 2 to inhibit 

line reset output at pin 3 (syncs coincident) — 6.2 — V 
Schmitt trigger threshold on pin 2 to permit 

line reset output at pin 3 (syncs non-coincident) — 7.8 — V 
Line reset output Vo, (Ig = 20 uA) — = 05 V 
Line reset output Voy (—I3 = 100 yA) 2.4 _ - Vv 
Signal presence Schmitt trigger threshold on pin 2 

below which the circuit accepts the input signal — 6.0 — V 
Signal presence Schmitt trigger threshold on pin 2 

above which the input signal is rejected. — 6.3 — V 
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Notes 


1. 


This is measured with the dual polarity buffer external resistor connected to give negative-going 
syncs. The measurement is made after adjustment of the potential divider at pin 14 for optimum 
delay. 


The teletext data input contains binary elements as a two level N RZ signal shaped by a raised 
cosine filter. The bit rate is 6.9375 M bit/s. The use of odd parity for the 8-bit bytes ensures that 
there are never more than 14-bit periods between each data transition. 

This is measured by replacing the clock coil with a small value resistor. 

This must be measured with the clock coil tuned and using a clock-cracker signal into pin 16. The 
clock-cracker is a teletext waveform consisting of only one data transition in each byte. 


With the external resistor connected to the ground rail, syncs are positive-going centred on +2.3 V. 
With the resistor connected to the supply rail, syncs are negative-going centred on +9.7 V. 


When the composite sync is being delivered, the level is substantially the same as that at the video 
input. 


APPLICATION DATA 
The function is quoted against the corresponding pin number 
Pin No. 


1. 


284 


Signal presence time constant 


A capacitor and a resistor connected in parallel between this pin and supply determine the delay 
in operation of the signal presence detector. 


Line reset time constant 


A capacitor between this pin and supply integrates current pulses from the coincidence detector; 
the resultant level is used to determine whether to allow FLR pulses (see pin 3). 


Fast line reset output (FLR) 


Positive-going sync pulses are produced at this output if the coincidence detector shows no 
coincidence between the syncs separated from the incoming video and the CBB waveform from 
the timing chain circuit SAA5020. These pulses are sent to the timing chain circuit and are used 
to reset its counters, so as to effect rapid lock-up of the phase locked loop. 


Ground (0 V) 
Sandcastle input (PL and CBB) 


This input accepts a sandcastle waveform which is formed from PL and CBB from the timing 

chain SAA5020. PL is obtained by slicing the waveform at 2.5 V, and this, together with separated 
sync, are inputs to the phase detector which forms part of the phase locked loop. When the loop 
has locked up, the edges of PL are nominally 2 ys before and 2 us after the leading edge of 
separated line syncs. 

CBB is obtained by slicing the waveform at 5 V, and is used to prevent the data slicer being offset 
by the colour burst. j 


6 MHz output (F6) 


This is the output of the crystal oscillator (see pins 8 and 9), and is taken to the timing chain 
circuit SAA5020 via a series capacitor. 


Phase detector time constant 


The integrating components for the phase detector of the phase locked loop are connected between 
this pin and supply. 
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APPLICATION DATA (continued) 


8, 9.6 MHz crystal 


A 6 MHz crystal in series with a trimmer capacitor is connected between these pins. It forms part 
of an oscillator whose frequency is controlled by the voltage on pin 7, which forms part of the 
phase locked loop. 


10. Picture On input (PO) 


The PO signal from the acquisition and control circuits SAA5040 Series is fed to this input and is 
used to determine whether the input video (pin 16) or the AHS waveform (pin 11) appears at 
pin 12. 


11. After hours sync (AHS) 


A composite sync waveform AHS is generated in the timing chain circuit SAA5020 and is used to 
synchronise the tv (see pin 10). 


12. Sync output to tv 
Either the input video of AHS is available at this output dependent on whether the PO signal is 
HIGH or LOW. In addition either signal may be positive-going or negative-going, dependent on 
whether the load resistor at this output is connected to ground or supply. 


13. Field sync output (FS) 


A pulse, derived from the input video by the field sync separator, which is used to reset the line 
counter in the timing chain circuit SAA5020. 


14. Field sync separator timing 


A capacitor and adjusting network is connected to this pin and forms the integrator of the field 
sync separator. 


15. Sync separator capacitor 
A capacitor connected to this pin forms part of the adaptive sync separator. 
16. Composite video input (V1) 
The composite video is fed to this input via a coupling capacitor. 
17. Supply voltage (+12 V) 
18. Clock output 


The regenerated clock, after extraction from the teletext data, is fed out to the acquisition and 
control circuits SAA5040 Series via a series capacitor. 


19. Data output 


The teletext data is sliced off the video waveform, squared up and latched within the SAA5030. 
The latched output is fed to the acquisition and control circuits SAA5040 Series via a series 
capacitor. 


20. Clock decoupling 
A 1 nF capacitor between pin 20 and ground is required for clock decoupling. 
21. Clock regenerator coil 


A high-QO parallel tuned circuit is connected between this pin and an external potential divider. 
The coil is part of the clock regeneration circuit (see pin 22). 
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APPLICATION DATA (continued) 


22. Clock pulse timing capacitor 


Short pulses are derived from both edges of data with the aid of a capacitor connected to this 
pin. The resulting pulses are fed, as a current, into the clock coil connected to pin 21. 
Resulting oscillations are limited and taken to the acquisition and control circuits SAA5040 
Series via pin 18. 


23, 24 Peak detector capacitors 


The teletext data is sliced with an automatic data slicer whose slicing level is the mid-point of 


two peak detectors working on the video signal. Storage capacitors are connected to these pins 
for the negative and positive peak detectors. 
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To SAA5040 series 


Data Clock 


SAA5030 
Ea 6 
1.2 
kQ 
6.8 
kQ 
6.8 6.8 
kQ kQ 


1nF 


Line Reset to mm lz 
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ys 
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Fig.3 Peripheral circuit 
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ce oe a erro carrier 3V 
_—_— oe oe oe er errno séi—ppoerak white 2.4V 


peak teletext 1.82V 


colour burst 


black 0.72V 


sync OV 
M81-1163/4 


Fig.4 Part of teletext line, with burst showing nominal levels. 


mie ok OR 


| | 


2.35us field sync broad pulse | 
equalising datum = separation 4.7pus 
pulse : 
M81-1163/5 


leading edge of field 
sync pulse 


Fig.5 Detail of idealised composite sync waveform. 
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TELETEXT ACQUISITION AND CONTROL CIRCUIT 


GENERAL 


The SAA5040A, SAA5040B, SAA5040C, SAA5041, SAA5042 and form the SAA5040 

series of MOS N-channel integrated circuits. They perform the control, data acquisition and data 
routing functions of the teletext system. The circuits differ in the on-screen display that is provided 
and in the decoding of the remote control commands. The functions of the circuits are detailed in 
Tables 1, 2 and 3; throughout the remainder of the data the SAA5040 is referred to when the 
complete series of the circuits is being described. 

The SAA5040 is a 28-lead device which receives serial teletext data and clock signals from the 
remote control systems incorporating the SAA5012 or SAB3022, SAB3023 decoder circuits. The 
SAA5040 selects the required page information and feeds it in parallel form to the teletext page 
memory. 

The SAA5040 works in conjunction with the SAA5020 timing chain and the SAA5050 series of 
character generators. 


QUICK REFERENCE DATA | 
Supply voltage VppD nom. 5 V 


Supply current lpDp typ. 80 mA 
Operating ambient temperature range Tamb —20 to +70 oC 


Vss Vpp DLIM DATA GLR 
©) O O O O 


] 


REMOTE 


CONTROL 
DATA 
DECODER TIMING 


PAGE NUMBER 
AND TIMED 
PAGE LATCHES 


WRITE COMPARATOR 
CONTROL — AND CONTROL 
HAMMING AND 

Ri 


to row | Al ROW PARITY 
address< a7 o25{,| ADDRESS Cee CHECKING 
bus veer CIRCUITS 
A3 BUFFER 
A400 
SERIAL TO 
PARALLEL 
WACK O CONVERSION MULTIPLEXER AND 
AND OUTPUT BUFFER 
FRAMING CODE 
F7 DETECTION 
DATA © 
22} 21) 20] 19] 18} 171 16 M0934 
©) O) O) ) () O) O 
D1 D2 D3 D4D5 D6 D7 
to data bus 
PACKAGE OUTLINE 


Fig.1 Block diagram. 


28-lead DIL; plastic (SOT-117) 
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PINNING 


ground Voc WACK write address clock output 
data input from SAA5030 DATA AQ 
clock input from SAA5030 F7 Al 


3—state outputs 


no connection NC A2 > to row address bus 


remote control clock input DLIM A3 
remote control data input DATA A4 
data entry window input DEW D1 
picture on output PO D2 

display enable output DE D3 


3—state outputs 


big character select output BCS D4 > to data bus 


top/bottom output T/B D5 
general line reset input GLR D6 
1MHz clock input F1 D7 


WOK write O.K, output 
M0O35. 


+ 5V supply Vop 


Fig.2 Pinning diagram. 
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DESCRIPTION 


The circuit consists of two main sections. 


a) Data acquisition section 


The basic input to this section is the serial teletext data stream DATA from the SAA5030 video 
processor circuit. This data stream is clocked at a 6.9375 MHz clock rate (F7) from the SAA5030. 
The incoming data stream is processed and sorted so that the page of data selected by the user is 
written as 7-bit parallel words into the system memory. Hamming and parity checks are performed 
on the incoming data to reduce errors. Provision is also made to process the control bits in the 
page header. 


b) Control section 


The basic input to this section is the 7-bit serial data (DATA) from the remote control decoder 
circuit such as the SAA5012 or SAB3012. This is clocked by the DLIM signal. 

The remote control commands are decoded and the control functions are stored. 

Full details of the remote control commands used in the various SAA5040 series options are 
given in Tables 1, 2 and 3 below. The control section also writes data into the page memory 
independently of the data acquisition section. This gives an on-screen display of certain user- 
selected functions such as page number and programme name. 

The 3-state data and address outputs to the system memory are set to high impedance state if 
certain remote control commands are received (e.g. viewdata mode). This is to allow another 
circuit to access the memory using the same address and data lines. The address lines are also 
high impedance while the acquisition and control circuit is not writing into the memory. 
Further information on the control of the complete teletext system is available. 

The circuit is designed in accordance with the September 1976 Broadcast Teletext specification 
published by BBC/IBA/BREMA. 

A typical circuit diagram of a teletext decoder is shown in Fig.7. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
""Handling MOS devices”’). 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134). 


Voltages (with respect to pin 1) 


min. max. 

Supply voltage (pin 14) Vpp —0.3 7.5 V 
Input voltage (all inputs) V\ —0.3 7.5 V 
Output voltage (pin 8) Vos —0.3 13.2 V 
Output voltage (all other outputs) Vo —0.3 7.5 V 
Temperatures 

Storage temperature range T stg —20 to +125 OC 
Operating ambient temperature range Tamb —20 to +70 oC 
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CHARACTERISTICS 
min. typ. max. 


Supply voltage (pin 14) Vpop 4.5 _ 5.5 V 


The following characteristics apply at Tab = 25 OC and Vpp = 5 V unless otherwise stated. 


Supply current IpDp — 80 120 mA 
[nputs 

F7 DATA (pin 2), F7 CLOCK (pin 3) 

Input voltage; HIGH VIH 3.5 _ 5.5 V 
Input voltage; LOW Note 1 VIL _ = 05 V 
Rise time tr - _ 30 ns 
Fall time tf —_ _ 30 ns 
Input resistance (measured at 4 V) R| 2 _ 18 MQ 
Input capacitance Cj — — 7 pF 
F1 (pin 13) 

Input voltage; HIGH VIH 2.4 _ Vpp V 
Input voltage; LOW VIL 0 — 0.6 V 
Rise time ty = — 50 ns 
Fall time tf - —_ 30 ns 
Input capacitance Cy _ _ 7 pF 
Input leakage current (V; = 0 to 5.5 V) lip — — 10 BA 


All other inputs 


DLIM (pin 5), DATA (pin 6), DEW (pin 7), GLR (pin 12) 


Input voltage; HIGH VIH 2.0 _ VDD V 
Input voltage; LOW : VIL 0 _ 0.8 V 
Input capacitance Cj _ — 7 pF 
Input leakage current (V; = 0 to 5.5 V) lip — — 10 pA 
Outputs 


DE (pin 9), BCS (pin 10), T/B (pin 11) (with internal pull-up to Vpp) 


Output voltage; LOW (Io, = 400 vA) VOL 0 _ 0.5 V 
Output voltage; HIGH —Igy = 504A forpind — 
—IQH = 30 BA for pin 10 VOH 2.4 —_ Vpp V 
—IQH = 20 WA for pin 11 
Output voltage rise time tr _ _ 10 
Output voltage fall time tf — — 1 us 
Output capacitance Co — — 7 pF 
Output current with output in HIGH state —lo 50 - 500 LA 
(Vo = 0.5 V) 
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CHARACTERISTICS Continued 


min. typ. max. 

PO (pin 8) (with internal pull-up to Vpp) 
Output voltage; LOW (Io, = 140 vA) VOL 0 — 0.5 V 
Output voltage; HIGH (—IQy = 50 vA) VOH 2.4 —  Vpp V 
Output rise and fall time (C; = 40 pF) (Note 3) ty, tf _ “ 10 MS 
Output capacitance Co — — 7 pF 
Output current with output in HIGH state 

(Vo = 0.5 V) —lo 50 — 500 BA 
D1 to D7 (pins 16 to 22) (3-state) 
Output voltage; LOW (Io, = 100 nA) VOL 0 _ 0.5 V 
Output voltage; HIGH (lop = —100 vA) VOH 2.4 — Vpop V 
Output rise and fall time (Cy = 40 pF) (Note 3) tr, tf _ — 100 ns 
Output leakage current in ‘OFF’ state 

(Vo = Oto 5.5 V) tlORoff — — 10 pA 
Output capacitance Co — — 7 pF 
WOK (pin 15) (3-state with internal pull-up to Vpp) 
Output voltage; LOW (Io, = 400 vA) VOL 0 - 0.5 V 
Output voltage; HIGH (—IQy = 200 vA) VOH 2.4 —- Vpp V 
Output voltage rise ume | (C= 80 pF) (Note 3) tr _ _ 50 ns 
Output voltage fall time | tf — — 100 ns 
Output current with 3-state ‘OFF’ (Vo = 0.5 V) —lOoRoff 80 £- 500 BA 
Output capacitance Co — — 7 pF 
WACK (pin 28) (3-state) 
Output voltage; LOW (Io, = 1.6 mA) VOL 0 — 0.5 V 
Output voltage; HIGH (—IOp = 100 vA) VOH 2.4 —-  Vpp V 
Output voltage rise time | . tr — — 50 ns 
Output voltage fall time J Pian Noe) te. — — 300 ns 
Output leakage current in ‘OFF’ state 

(VQ = 0 to 5.5 V) tlIoRotf — — 10 pA 
Output capacitance Co — — 7 pF 
AO to A2 (pins 25 to 27) (3-state) 
Output voltage; LOW (Io, = 200 vA) VOL 0 _ 0.5 V 
Output voltage; HIGH (—IOy = 200 vA) VOH 2.4 - Vop V 
Output rise and fall time (Cy = 90 pF) (Note 3) tr, tf — — 300 ns 
Output leakage current in ‘OFF’ state 

(Vo = Oto 5.5 V) tlIORoff — - 10 pA 
Output capacitance Co — — 7 pF 
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CHARACTERISTICS (Continued) 
Outputs 


A3 and A4 (pins 23 and 24) (3-state) 

Output voltage; LOW (Io, = 1.6 mA) 

Output voltage; HIGH (—IQ} = 200 vA) 
Output rise and fall time (CL = 40 pF) (Note 3) 


Output leakage current in ‘OFF’ state 
(Vo = Oto 5.5 V) 


Output capacitance 


TIMING CHARACTERISTICS 


Teletext Data and Clock (F7 DATA + F7 CLOCK) 
(Note 2 and Fig.3) 


F7 Clock cycle time 

F7 Clock duty cycle (HIGH to LOW) 
F7 Clock to data set-up time 

F7 Clock to data hold time 


Control! DATA and Clock (DATA + DLIM) 
(Note 3 and Fig.4) 


DLIM Clock HIGH time 

DLIM Clock LOW time 

DLIM to DATA set-up time 

DLIM to DATA hold time 

Writing Teletext data into memory during DEW 
(Fig.5) 

WACK cycle time 

WACK rising edge to WOK falling edge 
WACK rising edge to WOK rising edge 
WOK pulse width 

Data output set-up time 

Data output hold time 

Row address set-up time before first WwoK 
Row address valid time after last WOK | 
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min. 
VOL 0 
VOH 2.4 
tr, tf = 
+HORoff — 
Co — 
TF7 144 
30 
tsuU = 
tHOLD) — 
tCH 6.5 
tc. 3.5 
tsu 0 
tHoLD 8 
TWACK 1150 
tAWW 250 
twRW 150 
twPD 300 
tow 330 
tpH 0 
tRAW 190 
tRWR 0 


60 
40 


14 
14 


max. 


70 


Note 4 
60 


pA 
pF 


ns 
% 
ns 


ns 


US 
us 
Ms 
Us 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Teletext acquisition and control circuit SAA5040 SERIES 


TIMING CHARACTERISTICS 


min. typ. max. 
Writing Header information into memory during tv line 40 
(Fig.6) 
This arrangement is a combined phasing of the 
SAA5040 and the SAA5020 and is therefore 
referred to F1 input. The first WOK is related 
to F1 No 14% from the SAA5020 
F1 Clock cycle time 1000 ~ — ns 
Time from F1 to WOK falling edge twF 300 _ 500 ns 
Time from F1 to WOK rising edge tEw 0 — 120 ns 
Data output set-up time tow 330 — — ns 
Data output hold time tpH 0 — — ns 


Notes 


1. These inputs may be a.c. coupled. Minimum rating is —0.3 V but the input may be taken more 
negative if a.c. coupled. 


2. Transition times measured between 0.5 and 3.5 volt levels. 
Delay times are measured from 1.5 V level. 


3. Transition times measured between 0.8 and 2.0 volt levels. 
Delay times are measured from 1.5 V level. 


4. There isno maximum DLIM cyle time provided the DLIM duty cycle is such that tc, max. 
requirement is not exceeded. 


April 1983 295 


SAA5040 SERIES 


WACK 
taww—"t 

WOK 

Data 

output 

MEMORY | WA 

i nn), 7 

ADDRESS : 
@ 1.5V 
@ 2.0V 

M81—1103/5 ® 0.8V 

Fig.5 Writing teletext data into memory during DEW 
F1 period No14 15 16 


| 1 | @ 1.5V 

memory row address is valid from ~ @ 2.0V 

F1 period No 14 for complete line @) 0.8V 
M81~1103/6 


Fig.6 Writing data into memory during tv line 40 
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Fig.3 Teletext data timing 
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Fig.4 Remote control data input timing 
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APPLICATION DATA 
The function is quoted against the corresponding pin number 
Pin No. 


. Vgs Ground-0V 
2. DATA Data input from SAA5030 


This input is a serial data stream of broadcast teletext data from the SAA5030 video processor, 
the data being at a rate of 6.9375 MHz. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 


3. F7 Clock input from SAA5030 


This input is a 6.9375 MHz clock from the SAA5030 video processor which is used to clock the 
teletext data acquisition circuitry. The positive edge of this clock is nominally at the centre of 
each teletext data bit. 

This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 


5. DLIM Remote control clock input 


This input from the remote control receiver decoder is used to clock remote control data into 
the SAA5040. The positive-going edge of every second clock pulse is nominally in the centre 
of each remote control data bit. 


6. DATA Remote control data 


This input is a 7-bit serial data stream from the remote control receiver decoder. 

This data contains the teletext and viewdata remote control user functions. The nominal data 
rate is 32 us/bit. The remote control commands used in the SAA5040 series are shown in 
Tables 1, 2 and 3. 


7. DEW Data entry window 


This input from the SAA5020 Timing Chain defines the period during which received teletext 
data may be accepted by the SAA5040. This signal is also used to enable the 5 memory address 
outputs (pins 23 to 27) and the 7-bit parallel data outputs (pins 16 to 22). | 


8. PO Picture On 


This output to the SAA5012, SAA5030 and SAA5050 circuits is a static level used for the 
selection of tv picture video ‘on’ or ‘off’. The output is HIGH for tv picture ‘ON’, LOW for tv 
picture ‘OFF’. The output has an internal pull-up to Vpp. 

9. DE Display enable 
This output to the SAA5050 teletext character generator is used to enable the teletext display. 
The output is HIGH for display enabled, LOW for display disabled. 
The output is also forced to the LOW state during the DEW and tv line 40 periods and when a 


teletext page is cleared. 
The output has an internal pull-up to Vpp. 


10. BCS Big character select 
This output to the SAA5020 timing chain and to the SAA5050 character generator is used to 
select double height character format under user control. The output is HIGH for normal height 
characters, LOW for double height characters. It is also forced to the HIGH state on page clear. 
The output has an internal pull-up to Vpp. 

11. T/B Top/bottom 
This output to the SAA5020 timing chain is used to select whether top or bottom half page is 
being viewed. The output is HIGH for bottom half page and LOW for top half page. It is also 


forced to the LOW state on page clear. 
The output has an internal pull-up to Vpp. 
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APPLICATION DATA 


12. 


13. 


15. 


16, 17, 18, 
19, 20, 21, 
22 


23, 24, 25, 
26, 27 


28. 


GLR General line reset 


This input from the SAA5020 timing chain is used as a reset signal for internal control 
and display counter. 


F1 


This input is a 1 MHz clock signal from the SAA5020 timing chain used to clock internal 
remote control processing and encoding circuits. 


Vpp +5 V Supply 
This is the power supply input to the circuit. 


WOK Write O.K. 


This 3-state Output signal to the system memory is used to control the writing of valid data 
into the system memory. The signal is LOW to write, and is in the high impedance state 
when viewdata is selected. The three-state buffer is enabled at the same time as the data 
outputs (see below). An internal pull-up device prevents the output from floating into the 
LOW state when the 3-state buffer is OFF. 


D7 to D1, Data outputs 


These 3-state outputs are the seven bit parallel data outputs to the system memory. The 
outputs are enabled at the following times:— 


a) During the data entry window (DEW) to write teletext data into the memory. 
The data rate is 867 kbytes per second and is derived from the teletext data clock. 


b) During tv line 40 for encoded status information about user commands 
(e.g. programme number), to be written into the memory. This period is known as 
EDIL (encoded data insertion line). The data rate is 1 Mbyte per second and is 
derived from the 1 MHz display clock F1. 


c) When the page is cleared. !n this case the data output is forced to the space code 
(0100000) during the display period for one field. This data is held at the space code 
from either tv line 40 (if page clear is caused by user command), or the received 
teletext data line causing the clear function, until the start of the data entry window 
(DEW) of the next field. 


A4 to AO Memory addresses 


These 3-state outputs are the 5-bit row address to the page memory. 
This address specifies in which of 24 rows the teletext data is to be written. 
The outputs are enabled during the data entry period (DEW). 


WACK Write address clock 


This 3-state output is used to clock the memory address counter during the data entry 
period (DEW). The output is enabled only during this period. The positive-going edge of 
WACK is used to clock the address counter. 
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Fig.7 Typical circuit diagram of a teletext decoder. 
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TABLE 1 (Note 8) 
Remote control commands used in the SAA5040A/SAA5040B/SAA5040C/SAA5043 


me TELEVISION MODE (b7 = bg = 0) TELETEXT MODE (b7 = 1, bg = 0) 
bg ba bg bo by (Note 7) (Note 7) 
0 0 0 0 0 RESET (Note 1) 
0 0 0 0 #1 
0 0 0 1 0 
0 0 0 1 1 TV/ON Gives programme display. 
0 0 1 0 O STATUS = Gives programme display. STATUS Programme/header display (Note 6) 
00 1 0 1 HOLD Stops reception of teletext. (Note 9) 
0 0 1 1 0 
0 oO 1 1 1 TIME Gives time display. DISPLAY CANCEL (Note 3) 
0 10 0 0 
0 1 0 0 1 
0 10 1 0 
0 1 0 1 =1 
0 1 1 #0 0 TAPE Resets to small characters. 
oO 1 1 0 1 
0 1 1 #1 =#«0 TIMED PAGE OFF 
0 11 1 1 TIMED PAGE ON 
1 0 0 0 0 1 
1 0 0 0 1 2 
1 0 0 1 O 3 
1 0 0 1 1 4 
1 0 1 0 0 5 
10 1 0 1 PROGRAMMES NUMBERS 6 
10 1 1 #0 (Note 2) (Notes 4 and 6) 7 
1 0 14 14 1 8 
1 1 0 #0 =O 9 
1 #1 0 0 = 1 0 
1 #1 0 1 #0 SMALL CHARACTERS 
1 #1 0 1 =1 LARGE CHARACTERS TOP HALF PAGE 
1 1 #1 #0 0 LARGE CHARACTERS BOTTOM HALF PAGE 
1 1 17 0 1 
1 1 1 1 =#0 SUPERIMPOSE (Note 6) 
1 1 7 #71 «41 TELETEXT/ON (Note 5) 
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Notes for Table 1 


1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 


2. Programme names are displayed for 5 s in a box at the top left of the screen in large characters. 
Programme commands clear the page memory except in timed page mode. 


The following boxed information is displayed. 


REMOTE CONTROL 
COMMAND SAA5040A SAA5040B SAA5040C SAA5043 


bs bg bg bo by 


1 0 0 0 BBC1 BBC1 Ch 1 
1 0 0 1 BBC2 ITV Ch 2 
10010 ITV BBC2 Ch 3 
1001 1 4 BBC1 Ch4 
101 00 . ITV Ch5 
Gives no 
1010 1 6 VTR Ch6 
status 
1014 1 0 7 | BBC1 Ch7 
10141 41 VCR bO% ITV Ch 8 
1 1000 9 BBC2 Cho 
11001 10 BBC1 Cho 
1101 0 1 ITV Ch 10 
1101 1 12 VTR Ch 11 


3. Display cancel removes the text and restores the television picture. The device then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The full page of text can then be displayed when required using the 
teletext/on command. 


4. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


5. The teletext/on command resets display cancel, hold and superimpose modes. 


6. Status, timed page on, timed page off, numbers, superimpose and teletext/on commands all reset 
to top half page and produce a box. round the header for 5 s. This allows the header to be seen 
if the television picture is on (e.g. newsflash or display cancel modes). 


7. In viewdata mode (b7 = bg = 1) the device is disabled and teletext cannot be received. All 3-state 
outputs are high impedance. 


8. Table 1 shows code required for functions specified. The device requires the inverse of these codes 
i.e. b7 to by. The code is transmitted serially in the following order: b7, by, bg, b3, b4, bs, bg. 


9. When hold node is selected ‘HOLD’ is displayed in green at the top right of the screen. 
10. A ‘P’ is displayed before the page number at the top left of the screen (e.g. P123). 
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TABLE 2 (Note 9) 


Remote control commands used in the SAA5041 


ee TELEVISION MODE (b7 = bg = 0) TELETEXT MODE (b7 = 1, bg = 0) 
bs bq bg bp by (Note 8) (Note 8) 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 #1 
0 0 i 0 O TIME = Gives time display. STATUS Gives header and time display. (Note 6) 
0 0 1 0 1 TIMED PAGE On/off toggle function. 
0 0 1 1 #0 
0 0 1 1 #1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 1 OQ 
0 10 1 1 
0 1 1 0 0 
0 1 1 0 1 
0 1 1 #1 #0 
Oo 1 1 1 ~=«1 TELETEXT RESET (Note 1) 
1 0 0 0 O 0 
1 0 0 0 1 1 
1 0 0 1 #0 2 
1 0 0 1 #1 3 
1 0 1 0 0 4 
1 0 717 0 1 PROGRAMMES (Note 10) NUMBERS 5 
1 0 1 71 0 _ (Notes 2 and 7) 6 
1 O 1 1 = 1 7 
1 1 0 0 0 8 
1 1 0 0 41 9 
1 1 0 1 +0 SMALL CHARACTERS 
MP he LARGE CHARACTERS Top/bottom toggle 
function 
1 1 #71 0 =O HOLD Stops reception of teletext - toggle 
function (Note 3) 
to .OF 41 DISPLAY CANCEL (Note 4) 
1 1 1 #1 «0 SUPERIMPOSE 
1 1 71 71 «71 NORMAL DISPLAY (Note 5) 
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Notes for Table 2 


1. 


9. 


10. 


The teletext reset command clears the page memory, selects Page 100, goes to small characters 
and resets hold, timed page and display cancel modes. 


Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


When hold mode is selected ‘HALT’ is displayed in green at the top right of the screen. 


Display cancel removes the text and restores the television picture. The SAA5041 then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed immed- 
iately. When an updated normal page arrives the page number only is displayed in a box at the 
top left of the screen. The full page of text can then be displayed when required using the normal 
display command. 


The normal display command resets display cancel, hold and superimpose modes. 

Status, timed page, numbers, hold, superimpose and normal display commands all reset to top 
half page and produce a box round the header for five seconds. This allows the header to be seen 
even if the television picture is on (e.g. newsflash or display cancel modes). 


An ‘S’ is displayed before the page number at the top left of the screen (e.g. $123). 


In viewdata mode (b7 = bg = 1) the SAA50411 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 


Table 2 shows code required for functions specified. The SAA5041 requires the inverse of these 
codes i.e. b7 to by. The code is transmitted serially in the following order: b7, by, 62, b3, bq, 
bs, bg. 


Clear Memory occurs except in Timed Page Mode. 
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TABLE 3 (Note 9) 


Remote control commands used in the SAA5042 


TELEVISION MODE (bz = bg = 0) TELETEXT MODE (b7 =1, bg = 0) 
(Note 8) (Note 8) 


0 0 0 O O | RESET (Note 1) 

0 00 0 1 

0 00 1 0 

0 00 1 1 

0 01 0 0 STATUS Gives header and time display. (Note 6) 

0 O01 0 1 HOLD Stops reception of teletext - toggle 
function (Note 3) 

0 60 1 0 

0 0 1 171 #1 TIME Gives time display 

0 1 0 0 0 

01001 

0 10 74 #0 SMALL CHARACTERS 

0 10 1 =1 

oO 1 1 0 0 LARGE CHARACTERS TOP HALF PAGE 

Oo 1 1 0 1 LARGE CHARACTERS BOTTOM HALF PAGE 

0 11 #1 #0 DISPLAY CANCEL/RECALL (Note 4) 

Oo 1 1 1 #1 DISPLAY RECALL 

1 0 0 0 0 0 

1 0 0 0 1 1 

1 0 0 1 OQ 2 

1 0 0 1 1 3 

1 0 1 0 0 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 O 1 471 =O (Notes 2 and 7) 6 

1 0 1 #1 =1 7 

1 10 0 0 8 

1 10 0 41 9 

1 #10 1 40 TIMED PAGE On/Off toggle function 

1 10 1 1 CLEAR MEMORY 

1 11 0 0 LONG TERM STORE/SMALL CHARACTERS 

1 1 1 0 1 

1 1 1 #14 =«0 SUPERIMPOSE 

1 1 $17 +71 ~«71 


TELETEXT/ON (Note 5) 
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Notes for Table 3 


1. 


10. 


Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 


Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


When hold mode is selected ‘STOP’ is displayed in green at the top right of the screen. 


Display cancel/recall removes the text and restores the television picture. The SAA5042 then 
reacts to any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The same command wiil then cause a normal page to be displayed, 
but will cancel a newsflash or subtitle page. Alternatively, text can be recalled by using the 
teletext/on command. 


The teletext/on command resets display cancel, hold and superimpose modes. 

Status, timed page, numbers, superimpose and teletext/on commands all reset to top half page 
and produce a box round the header for five seconds. This allows the header to be seen even if 
the television picture is on (e.g. newsflash or display cancel modes). 


A ‘P’ is displayed before the page number at the top left of the screen (e.g. P123). 


In viewdata mode (b7 = bg = 1) the SAA5042 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 


Table 3 shows code required for functions specified. The SAA5042 requires the inverse of these 
codes i.e. b7 to by. The code is transmitted serially in the following order: b7, by, bg, b3, bg, 
bs, bg. 


Clear Memory occurs except in Timed Page Mode. 
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DEVELOPMENT DATA 


This data sheet contains advance information and SAA5045 


specifications are subject to change without notice. 


GEARING AND ADDRESS LOGIC ARRAY 
FOR USA TELETEXT (GALA) 


GENERAL DESCRIPTION 


The SAA5045 is a PCFO700 CMOS process gate array designed to interface the SAA5040B Teletext 
Acquisition Control (TAC) IC to the SAA5030 Video Processor (VIP) data output for modified U.K. 
standard 525-line Teletext. It also provides an address interface between SAA5040B, SAA5025D 
Teletext Timing Chain for USA 525 line system (USTIC) and the page memory RAM. The memory 
interface includes read/write control compatible with the geared 32 + 8 transmission system at 
5,727272 MHz data rate employed in the modified U.K. system. 


For RATINGS and CHARACTERISTICS see data sheet: CMOS GATE ARRAYS (PCF0700). 


SYSTEM CONTENT 


Functionally the chip contains two main sections which operate during the acquisition and display 
periods. 


Gearing control section 


The data from the SAA5030 (VIP) and data clock, are processed to detect the presence of the gearing 
bit and convert the data for correct operation of the SAA5040B (TAC). Data and clock outputs to the 
TAC are internally compensated for processing delays, so that correct clocking-in of data is ensured. 


Addressing section 
Column counters are included, which operate from the WACK (TAC) and RACK (USTIC) column 
clock signals during acquisition and display respectively. 


Five row-address input circuits (pins AO to A4) are provided for (TAC) and (USTIC) address outputs. 
These are multiplexed with the column address from the internal counters for correct mapping of the 
RAM via ten output address pins (AAO to AAQ). During acquisition, the multiplexer is controlled by 
the gearing bit detection to give correct assembly of the 40 character per row page structure. 


The address output buffers are 3-state devices controlled by the line reset signal (pin 8; GLRS). During 
the horizontal flyback period the address pins are 3-state to allow alternative addressing for customized 
applications. 


Read/write control to RAM 


An internal counter prevents overwriting if more than 32 character WOK pulses are received from TAC 
due to poor transmission conditions. Two control outputs, one for read/write (WE) and the other for 
chip select (CS), are provided to eliminate conflicts on the input/output RAM bus. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117D). 
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SYSTEM CURRENT (continued) 
Framing code detection 


When a valid data line is received and the framing code is detected in the gearing section, then flag 
pulses (pair of pulses) are available at output WE, before the CS output is driven LOW for normal _ 
writting into the RAM. If a framing-code-present signal is required, it can be obtained by gating WE and 
CS outputs such, that an output from the WE, when output CS is HIGH, indicates the detection of a 
framing code; N.B., each framing code produces a pair of pulses. 


RAM ADDRESS CONTROL 


Figure 2 shows that the ten RAM address outputs are controlled by a multiplexer (MUX3), which 
interchanges the two groups of five address lines, when a gearing bit equal to logic ‘’1” is received 
during data input. During display, MUX3 is switched by bit number 6 of the column counter. MUX1, 
which is switched by the gearing bit, controls stepping of the row address when fill-in rows are received. 
MUX2 is switched by either the gearing bit or bit 6 of the column counter to access the part of RAM 
storing the last eight bytes of each row of data. 


The mapping of the 1024-byte RAM is shown in Fig. 1. Area ‘‘A’’ stores data corresponding to the 
left-hand side (32 bytes wide) of the display whilst area ‘’B’’ stores the remainder for the right-hand 
side. 


Access to the RAM for custom operations can be made during the time that GLRS (pin 8) is LOW, 
which causes all ten address buffers to be in the open state. It should be noted that GLRS LOW also 
resets the column counters and the gearing-bit detection system to logic “0’’. This normally occurs 
during the horizontal interval (between 5 and 8 us) after the horizontal sync pulse falling edge. 
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Fig. 1 Memory map for the SAA5045 address system. 
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Fig. 2 Block diagram. 
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PIN DESCRIPTION 


symbol name and function 


1 WRACK input clock to column counter 

2 AQ 

3 Al 

4 A2 row address system inputs 

5 A3 

6 A4 

7 DEW data entry window input 

8 GLRS general line reset starting output 

9 F5,7 DATA 5,7 MHz data output 

10 F5,7 CLOCK 5,7 MHz clock output 
11 WOK write enable input 
cs chip select output 
DE display enable input SAAS045 
Vss ground 
DK5,7 5,7 MHz data clock input 
DA5,7 5,7 MHz data input 
WE write enable output 
AAQ 
AA8 
AA7 
AA6 
AA5 7280517 
memory address outputs 

AA4 
AA3 Fig. 3 Pin configuration. 
AA2 
AA1 
AAO 
Vpp positive supply 


(+ 4,5 V to +5,5 V) 
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APPLICATION INFORMATION 


The function is described against the corresponding pin number. 


1. WRACK — input clock to column counter 
Input clock to column counter during data input or display; WACK from SAA5040B (TAC) or 
RACK from SAA5025D (USTIC). 

2 to 6. AO to A4 — row address system inputs 
Inputs to row address system during data input or display. Row address numbers greater than 0 to 
23 disable writing to the RAM during input. 

7. DEW — data entry window input 


Data entry window input enables gearing bit detection and data processing part of system. 


8. GLRS — general line reset starting output 


Input from the SAA5025D is a negative reset pulse at line rate for column counters and gearing 
system. When this input is LOW, it opens 3-state address buffers. 


9. F5,7 DATA — 5,7 MHz data output 
Data output at 5,7 MHz rate to SAA5040B (TAC) during the data acquisition period when DEW is 
HIGH. 


10. F5,7 CLOCK — 5,7 MHz clock output 
Data clock output at 5,7 MHz rate to SAA5040B (TAC), synchronized to data at pin 9 (F5,7 DATA). 


11. WOK — write enable input 


Write enable input from SAA5040B (TAC) during data acquisition, when correct data is received, 
for RAM write/read control (via output WE; pin 17). 


12. CS — chip select output 


DEVELOPMENT DATA 


Output to drive the RAM chip enable during data input and display periods controlled by the 
display enable output (DE) and write O.K. (WOK) output of the SAA5040B (TAC), avoiding input/ 
output bus conflict. 


13. DE — display enable input 
Display enable input from SAA5040B (TAC) to control CS. 
14. Vss — ground 


15. DK5,7 — 5,7 MHz data clock input 


Data clock input at 5,7 MHz rate from the SAA5030 (VIP); this pin is capacitively coupled with a 
d.c. restoring diode and is externally connected to Vgs. 


16. DA5,7 — 5,7 MHz data input 


Data input at 5,7 MHz rate from SAA5030 (VIP); this pin is capacitively coupled with a d.c. 
restoring diode and is externally connected to Vss. 


17. WE — write enable output 


Write enable output to control RAM write/read. This output is the gated and delay version of the 
WOK from the SAA5040B, but limited to 32 pulses which are possible before the WACK count is 
equal to 32. — 

A pair of pulses on this output precedes the WOK pulses, whilst CS is HIGH whenever a framing 
code is detected. 
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APPLICATION INFORMATION (continued) 
18 to 27. AAS to AAO — memory address outputs 


Memory address outputs; 3-state buffered outputs, open when GLRS is LOW for auxiliary access 

to the RAM address bus if required. 

N.B.: AAQ and AA8 are simultaneously HIGH whenever a gear bit with logic ‘’1”’ is received during 
DEW is HIGH. This enables detection of gearing bit reception, following GLRS reset on each 
line, which always resets AAO to AAQ to logic ‘’0”. 


28. Vpp — positive supply (4,5 V to 5,5 V) 


Note 

Input pins other than 15 and 16 have internal 15 kQ pull-up resistors for compatibility with SAA5025D 
and SAA5040B output signal ranges. Pins 15 and 16 are CMOS inputs for d.c. restored drive from the 
SAA5030 (VIP) clock and data output signals. 
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Fig. 4 Schematic diagram of the 5-chip decoder. 


DEVELOPMENT DATA 


October 1984 315 


SAA5050 SERIES 


TELETEXT CHARACTER GENERATOR 


The SAA5050 series of MOS N-channel integrated circuits provides the video drive signals to the 
television receiver necessary to produce the teletext/viewdata display. The variants are described in the 
Quick Reference Data and ful! details of the characters sets are given in Figs. 11 to 18. 


QUICK REFERENCE DATA 


Supply voltage VDD nom. 5 V 
Supply current IDpD typ. 85 mA 
Operating ambient temperature range Tamb —20 to +70 o¢ 
Variant Character set Variant Character set 

5050 English 5054 Belgian 

5051 German 5055 US ASCII 

5052 Swedish 5056 Hebrew 

5053 Italian 5057 Cyrillic 


PARALLEL TO 
SERIAL 
CONVERSION 


R E if O CRS 
CHARACTER 
ROUNDING eee 15 5 BCS 


TIMING 
GENERATOR 


4 
D20 aM 


ROM 


D3 0 a 
7 INPUT 
pa OT "| BUFFER 
D50 
9 
D6 O 
er ae 
CONTROL 
een 16 CHARACTER pg 
DETECTION 
AND STORE 
2 DISPLAY 


BO | CONTROL 
MULTIPLEXER 
eee Be 


ce) 
0 OO O 

+ 

2D 

(o>) 


REMOTE 


5 CONTROL 2 ok 
YO DATA DECODER 
ere: Ay AND | 
28] 27 3} 41] 12 
O O O O O 
M0260 DE PO DATA OLIM  GLR 
Fig.1 Block diagram 
PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
Gero SD GTN ae Ae eye et es 
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ground Vgc DE display enable input 


superimpose SI PO picture on input 


remote control data DATA LOSE load output shift register enable 


D1 BLAN blanking output 
D2 R 
D3 G video outputs 
character data D4 B 
aaa SAA5050 
D5 Y monochrome video output 
D6 F1 1MHz input 
D7 TR6 6MHz input 


remote control data clock DLIM Vpp positive supply (+5V) 


general line reset GLR NC not connected 


data entry window DEW 13 TLC transmitted large character 


character rounding select CRS BCS big character select 


M81—1065/2/B 


Fig.2 Pinning diagram 


DESCRIPTION 


The SAA5050 is a 28 pin device which incorporates a fast access character generator ROM (4.3 k bits), 
the logic decoding for all the teletext control characters and decoding for some of the remote control 
functions. The circuit generates 96 alphanumeric and 64 graphic characters. In addition there are 32 
control characters which determine the nature of the display. 

The SAA5050 is suitable for direct connection to the SAA5010, SAA5012, SAA5020 and SAA5040 
Series integrated circuits. 

The basic input to the SAA5050 is the character data from the teletext page memory. This is a 7 bit 
code. Each character code defines a dot matrix pattern. The character period is 1 us and the character 
dot rate is 6 MHz. The timings are derived from the two external input clocks F1 (1 MHz) and TR6 

(6 MHz) which are amplified and re-synchronised internally. Each character rectangle is 6 dots wide 
by 10 TV lines high. One dot space is left between adjacent characters, and there is one line space 

left between rows. Alphanumeric characters are generated on a 5 x 9 matrix, allowing space for 
descending characters. Each of the 64 graphic characters is decoded to form a 2 x 3 block arrangement 
which occupies the complete 6 x 10 dot matrix (Fig.9). Graphics characters may be either contiguous 
or separated (Fig.10). The alphanumeric characters are character rounded, i,e. a half dot is inserted 
before or after a whole dot in the presence of a diagonal in a character matrix. 

The character video output signals comprise a monochrome signal and RGB signals for a colour 
receiver. A blanking output signal is provided to blank out the television video signal under the control 
of the PO and DE inputs and the box control characters (see Table 3). 

The monochrome data signal can be used to inlay characters into the television video. The use of the 
32 control characters provides information on the nature of the display, e.g. colour. These are also 
used to provide other facilities such as ‘concealed display’ and flashing words etc. The full character 
set is given in Table 1. 
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HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (See ‘Handling MOS 


Devices’). 


RATINGS Limiting values in accordance with the Absolute Maximum System, (1EC134) 


min. typ. max. 

Voltages (with respect to pin 1) 
Supply voltage (pin 18) Vpp —0.3 — 7.5 
Input voltages (all inputs + input/output) V1 —0.3 — 7.5 
Output voltage (pin 16) Vo16 —0.3 a 7.5 

(all other outputs ) Vo —0.3 — 14.0 
Temperature 
Storage temperature range T stg —20 to +125 
Operating ambient temperature range Tamb —20 to +70 
CHARACTERISTICS min: typ. max. 
Supply voltage (pin 18) Vpop 4.5 — 5.5 
The following parameters apply at Tamb = 25 PC and Vpp = 5 V unless otherwise stated. 
Supply current IDD a2 85 160 
Inputs 
Character data D1 to D7 (pins 4 to 10) 
Input voltage; HIGH Vi 2.65 = Vop 
Input voltage; LOW VIL 0 — 0.6 


Clock inputs F1 (pin 20) TR6 (pin 19) 


Input voltage; HIGH VIH 2.65 = VppD 
Input voltage; LOW VIL 0 _ 0.6 
Logic inputs 


DATA (pin3) DEW (pin 13) LOSE (pin 26) 
DLIM (pin11) CRS (pin 14) — PO (pin 27) 
GLR (pin12) BCS (pin 15) DE (pin 28) 


Input voltage; HIGH VIH 2.0 — VDD 
Input voltage; LOW VIL 0 7 0.8 
All inputs 

Input leakage current (Vj = 5.5 V) lir — — 10 
Input capacitance C| — —_ 7 


<< << 


mA 


BA 
pF 
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CHARACTERISTICS (continued) 


min. typ. max. 
Outputs 
Character video outputs + Blanking output (open drain) (note 3) 
B — (pin 22), G — (pin 23), R — (pin 24), Y — (pin 21), 

Blanking (pin 25) 

Output voltage; LOW (Io, = 2 mA) VOL — — 0.5 
Output voltage; LOW (Io, = 4 mA) VOL ~ — 1.0 
Output voltage; HIGH (note 5) VOH Vpp — 13.2 
Output load capacitance Cy _ - 15 
Output fall time | note 1 tf — = 30 
Variation of fall time between any outputs Atg 0 — — 20 
TLC (pin 16) 
Output voltage; LOW (Io, = 100 uA) VOL 0 — 0.5 
Output voltage; HIGH (—IQH = 100 uA) VOH 2.4 — Vpp 
Output load capacitance CL _ — 30 
Output rise time ! Measured between0.8V | tr —— - 1.0 
Output fall time and 2.0 V levels | te _ - 1.0 
input/output 
SI (pin 2) (open drain) 
‘Input voltage; HIGH VIH 2.0 — 6.5 
Input voltage; LOW VIL 0 — 0.8 
Input leakage current (Vj = 5.5 V) lip — — 10 
Input capacitance | C\ — — 7 
Output voltage; LOW (Io, = 0.4 mA) VOL 0 — 0.5 
Output voltage; LOW (lo, = 1.3 mA) VOL 0 _ 1.0 
Output load capacitance CL — _ 45 
Output voltage; HIGH state (note 2) VoH = — 6.5 
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Timing characteristics 


For typical display of 40 characters per line. Line rate = 64 us. Field rate = 20 ms. 


Character data timing (Fig.4) 


min typ. max 

TR6 rising edge to F1 falling edge th 6 an 60 ns 
TR6 frequency fTRE _ 6 — MHz 
TR6 mark/space ratio 40:60 _ 60:40 
F1 frequency fey — 1 — MHz 
F1 mark/space ratio 40:60 = 60:40 
Data set-up time tcps 80 — — ns 
Data hold time tCDH 100 — - ns 
Delay time — character in/ | Graphics tcDG = 2.6 on US 

character data at outputs J Alphanumerics tcDA — 2.767 = us 
Display period timing (Fig.5) 
F1 falling edge to LOSE rising edge tLDH 0 a 250 ns 
F1 falling edge to LOSE falling edge tLDL 0 — 250 ns 
LOSE rising edge to ‘Display on’ tpON — 2.6 _ MS 
LOSE falling edge to ‘Display off’ tpOFF — 2.6 — ps 
‘Display period’ tpp — 40 — ys 
Line rate timing (Fig.6) 
F1 rising edge to GLR falling edge toGL 0 _ 200 ns 
F1 rising edge to GLR rising edge toGH 0 _ 200 ns 
GLR LOW time tGLP re 1 — ys 
Line start* to GLR falling edge tGLR — 5 — ps 
Line start* to LOSE rising edge tLSL _ 14.5 _ ys 
LOSE falling edge to Line start* tLLs — 9.5 — us 
Line period tLNP — 64 — us 
LOSE HIGH time tLHpP — 40 — Ms 
Remote data input timing (Fig.8) 
Assuming F1 period = 1 ws and GLR period = 64 us 
DLIM clock HIGH time tcH 6.5 8 (note 4) us 
DLIM clock LOW time te. 3.5 8 60 us 
DATA to DLIM set-up time tps 0 14 — ys 
DLIM to DATA hold time toH 8 14 — us 


*Taken as falling edge of ‘line sync’ pulse. 
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Notes to characteristics 

1. Fall time, tg and A tg, are defined as shown and are measured using the circuit shown below: 
t¢ is measured between the 9 V and 1 V levels. 
A tr is the maximum time difference between outputs. 


D8067b 


Fig.3 


2. Recommended pull-up resistor for SI is 18 kQ. 

3. The R,G, B, Y and blanking outputs are protected against short circuit to supply rails. 

4, There isno maximum DLIM cycle time, provided the DLIM duty cycle is such that the tcL max 
requirement is not exceeded. 


—e 5. With maximum pull-up voltage applied to R, G, B and BLAN outputs the leakage current will not 
exceed 20 vA with the outputs in the OFF state. 


SPECIAL FEATURES 


Flash oscillator 
The circuit generates a 0.75 Hz signal with a 3:1 ON/OFF ratio to provide the flashing character 
facility. 
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Power-on-reset 


When the supply voltage is switched on, the character generator will reset to tv, conceal, and not 
superimpose modes. 


Character rounding 


The character rounding function is different for the small and double height characters. In both cases 
the ROM is accessed twice during the character period of 1 ws. The dot information of two rows is 
then compared to detect the presence of any diagonal in the character matrix and to determine the 
positioning of the character rounding half dots. 

For small characters rounding is always referenced in the same direction (i.e. row before in even fields 
and row after in odd fields as determined by the CRS signal). 

For double height characters rounding is always referenced alternately up and down changing every 
line using an internally generated signal. (The CRS signal is ‘0’ for the odd field and ‘1’ for the even 
field of an interlaced tv picture). 


Graphics decoder 

The 64 graphics characters are decoded directly from the character data inputs and they appear on a 
2x 3 matrix. Figure 9 gives details of the graphics decoding. 

APPLICATION DATA 

The function is quoted against the corresponding pin numbers 


Pin No. 
1. Vss Ground - 0 V 
2. SI Superimpose 


This is a dual purpose input/output pin. The output is an open drain transistor (capable of 
sinking current to Vsg), which is in the conducting state when superimpose mode is 
selected. This allows contrast reduction of the tv picture in superimpose mode if required. 
If the pin is held LOW, the internal ‘tv mode’ flip-flop is held in the ‘text’ state. This is for 
VDU applications when the remote control is not used. 


3. DATA Remote control data 
This input accepts a 7-bit serial data stream from the remote control decoder. This data 
contains the teletext and viewdata remote control functions. The nominal data rate is 
32 us/bit. The command codes used in the SAA5050 are shown in Table 2. 

4,5,6 D1 to D7 Character data 


These inputs accept a 7-bit parallel data code from the page memory. This data selects the 
alphanumeric characters, the graphics characters and the control characters. The alphanumeric 
addresses are ROM column addresses, the graphics and control data are decoded internally. 


11. DLIM 
This input receives a clock signal from the remote control decoder and this signal is used to 


clock remote control data into the SAA5050. The positive-going edge of every second clock 
pulse is nominally in the centre of each remote control data bit (Fig.8). 


12 GLR General line reset 


This input signal from the SAA5020 Timing Chain is required for internal synchronisation of 
remote control data signals. 


13. DEW Data entry window 


This input signal from the SAA5020 Timing Chain is required to reset the internal ROM row 
address counter prior to the display period. It is also used internally to derive the ‘flash’ 
period. 
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APPLICATION DATA (continued) 


14. 


15, 


20. 


21. 


22,23, 


24. 


25. 


26. 


27. 


28. 
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CRS Character rounding select 


This input signal from the SAA5020 Timing Chain is required for correct character rounding 
of displayed characters. (Normal height characters only). 


BCS Big character select 


This input from the SAA5040 Teletext Acquisition and Control device allows selection of 
large characters by remote control. 


TLC Transmitted large characters 


This output to the SAA5020 Timing Chain enables double height characters to be displayed 
as a result of control characters stored in the page memory. 


Vpp + 5 V supply 
This is the power supply input to the circuit. 
TR6 


This input is a 6 MHz signa! from the SAA5020 Timing Chain used as a character dot rate 
clock. 

F1 | 
This input is a 1 MHz equal mark/space ratio signal from the SAA5020 Timing Chain. It is 
used to latch the 7-bit parallel character data into the input latches. It is also used to synchron- 
ise an internal divide-by 6 counter. The F1 signal is internally synchronised with TR6. 

Y Output 

This is a video output signal which is active in the HIGH state containing character dot 
information for tv display. 

The output is an open drain transistor capable of sinking current to Vss 

B,G,R outputs 


These are the Blue, Green and Red Character video outputs to the tv display circuits. They 
are active HIGH and contain both character and background colour information. 
The outputs are open drain transistors capable of sinking current to Vss. 


BLAN Blanking 


This active HIGH output signal provides tv picture video blanking. It is active for the duration 


of a box when Picture On and Display Enable are HIGH. It is also activated permanently for 


normal teletext display when no tv picture is required (PO LOW). The output is an open 
drain transistor capable of sinking current to Vsg. Full details given in Table 3. 


LOSE Load output shift register enable 

This input signal from the SAA5020 Timing Chain resets the internal control character 
flip-flops prior to the start of each display line. 

This signal also defines the character display period. 

PO Picture On 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
control the character video and blanking outputs. When PO is HIGH, only text in boxes is 
displayed unless in superimpose mode. The input is HIGH for tv picture video on, LOW for 
picture off. See Table 3. 

DE Display enable 


This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
enable the teletext display. The input is HIGH for teletext display enabled. LOW for display 
cancelled. See Table 3. 
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Each cell is illuminated if particular ‘bit’ (by, bg, b3, b4, bs, or b7) isa ‘1’. 
For graphics characters bg is always a ‘1’ — See Table 1. 


Fig.9 Graphics Character 
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TABLE 1 
Character data input decoding 
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Control characters shown in columns 0 and 1 are normally displayed as spaces. 
The SAA5050 character set is shown as example. Details of character sets are given in Figs. 11 to 18. 


* These control characters | | 
are reserved for compatability Codes may be refered Character rectangle 
with other data codes. to by their column and 
** — These control characters row e.g. 2/5 refers to % Black represents display colour. 


are presumed before each 
row begins. White represents background. 
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TABLE 2 
Remote control command codes used in the SAA5050 


b7 bg bs ae b> by COMMAND FUNCTION 

0 xX X X X X X | ‘tv’ mode Allows text on top row of display only. 
1X X X X XK X ‘Text’ mode Allows text throughout display period. 
1 0 1 1 71 =+71 ~=~0 Superimpose Sets Superimpose mode. | 

1 O 1 14 1 ~=1 1 teletext Resets Superimpose mode. 

O xX X KX KX XK X ‘tv’ mode Resets Superimpose mode. 

1 1 xX X X XK X viewdata mode Resets Superimpose mode; 

1 XxX 0 O 1 1 =O Reveal Reveals for time-out (notes 3, 4). 

1 X O 1 0 71 «1 Reveal set Sets Reveal mode (note 3). 


Any command apart from reveal set. Resets Reveal mode (note 3) 


X = Don’t care. 


Notes 


1. When the power is applied the SAA5050 is set into the ‘tv’ mode and reset out of Superimpose and 
Reveal modes. 


2. ‘Text’ mode is selected when SI (pin 2) is held LOW 
3. Reveal mode allows display of text previously concealed by ‘conceal display’ control characters. 


4. This code is sent from the SAA5010 or the SAA5012 Series as a repeated command. Thus Reveal 
mode is set for as long as the Reveal key is depressed. The SAA5050 reverts to normal ‘not Reveal’ 
mode 160 ms after the last Reveal command. 


5. The Superimpose output is LOW only if Superimpose mode is set and the DE (display enable) input 
is HIGH. 


6. The above table shows code required for functions specified. 
The SAA5010 or the SAA5012 Series transmits and the SAA5O50 requires the i inverse of these codes 


i.e. b7 to by. The code is transmitted serially in the following order: b7 by bo b3 b4 bs bg. 
For full details of remote control data coding see the SAA5010 or the SAA5012 data sheets. 
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TABLE 3 
Conditions affecting display (see note 3) 


Inputs Control data Outputs 


Picture On Display Enable Superimpose Box Text Display Enabled Blanking 
(PO) (DE) Mode (i.e. R,G,B,Y outputs) 


(a) 1 0 1or0 0 0 
(b) 0 1 1 or 0 1 1 
(c) 0 0 1 or O 0 (note 2) 1 
(d) 1 1 0 0 0 
(e) 1 1 1 1 0 
(f) 1 1 1 1 1 
(g) 1 1 0 1 1 
Notes 


1. For tv mode (Picture On = ‘1’, Superimpose mode not allowed) rows (a), (d) and (g) of Table 3 
refer to display row 0 only. For all other rows text display is disabled and Blanking = ‘0’. 

2. The R, G, B outputs may contain character and background colour information. The only 
exception is that background colours are inhibited when Blanking = ‘0’. 

3. Valid during display period only (see Fig.5) otherwise no character or background information 
is displayed as blanking is determined by the Picture On. (No blanking if PO = ‘1’). 
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Fig. 11 SAA5050 character set (English). 
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Fig.12 SAA5051 character set (German). 
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Fig. 13 SAA5052 character set (Swedish). 
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Fig.14 SAA5053 character set (Italian). 
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Fig. 15 SAA5054 character set (Belgian) 
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DEVELOPMENT DATA 
This date sheet contains advance information and SAA5070 


specifications are subject to change without notice. 


MICROCOMPUTER/MICROPROCESSOR PERIPHERAL 
IC FOR VIEWDATA (LUCY) 


The SAA5070 is a complex microcomputer/microprocessor peripheral integrated circuit in N-channel 
MOS technology intended for use in wired data communication systems, notably viewdata. — 


Features 
@ Microcomputer/microprocessor interface. © Modem — both 1200/75 and 1200/1200 baud. 


@ Line “UART” and tape recorder ‘‘UART’’, both with software parity control (or 8-bit without parity ). 


@ Tape recorder modem (modified ‘Kansas City’ standard 1300 baud). 

@ Autodialler for British Post Office and Continental requirements. 

@ IBUS receivers and transmitters. @ Timer circuits (60 s and 1.5 s time-outs). 
@ General input/output ports. 

@ Provision for connection of any external modem through V24 interface. 


QUICK REFERENCE DATA 


Supply voltage Vpop nom. 5 V 
Supply current IpDp typ. 75 mA 
Operating ambient temperature range Tamb —20 to +70 oC 
IBUSA IBUS B 
< z qx co pp @. 
le = (5 be E = ££ 
poct! to a r = oe a “7 


pee 
FSKIN 9 LINE — 

[_ DEMODULATOR IBUS 4 eae OP 
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as ‘ 
O WR 
ame 
TXDATA Obet TRANSMITTER ay ae. 


scape 
neaeas REGISTER Vi INTERFACE 

3 i g ADDRESS | 
El INTERFACE [rv 
TFSKOUT | 


C—ITIMING 


M81-1307/1 


Fig.1a Simplified block diagram 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT—129). 
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Fig. 1b. Detailed block diagram 
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Fig.2 Pinning diagram 
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DESCRIPTION 


The SAA5070 is a 40 pin integrated circuit in N-channel MOS with a 1 MHz clock supplying all the 
operating frequencies. It performs most of the hardware functions of a viewdata terminal including an 
autodialling circuit, a 1200 baud demodulator and asynchronous receiver, and a 75/1200 baud modulator 
and asynchronous transmitter. 

The device also includes a tape interface circuit suitable for the recording of character codes of pages of 
text on a standard audio cassette recorder, and an IBUS receiver and receiver/transmitter on separate 
ports enabling the software recoding of IBUS transmissions. The 75 baud modulator and asynchronous 
transmitter can be switched to operate at 1200 baud for private telecommunications systems. 

There are also two general purpose input/output ports. Port A could, for example, be used as an interface 
to anon volatile RAM which can store telephone numbers for autodialling and user passwords and Port B 
could be used for display control. . 

The SAA5070 has been partitioned for flexibility of use, e.g. an external modem can be used, if required, 
in conjunction with the internal asynchronous receiver and transmitter, or the internal modem can be used 
independently of the internal receiver and transmitter. Also the tape interface can work independently of, 
and simultaneously with, the line receiver. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions aperopriate to handling MOS devices. (See ‘HANDLING 
MOS DEVICES’). | 


 § 
= 
< RATINGS Limiting values in accordance with the Absolute Maximum System ({EC134). 
5 Voltages (with respect to pin 1) min. typ. max. 
= Supply voltage (pin 20) Vpp —0.3 = 7.5 3 V 
© __ Input voltage: 
= PORT A (pins 15 to 10) and PBO (pin 24) VI —0.3 — 140 V 
2 Input voltage (all other pins) V1 —0.3 = 7.5 V 
a) 
Temperatures 
Storage temperature range Tstg —20 to +125 OC 
Operating ambient temperature range Tamb —20to+70 °C 
CHARACTERISTICS 
Supply voltage (pin 20) Vpp 4.5 ~ 5.5 V 


The following characteristics apply at Tampb = 25 °C and Vpp = 5 V unless otherwise stated. 


Supply current Ipp a 75 150 mA 
Inputs 

All inputs (except F1 clock) 

Input voltage; LOW VIL —0.3 _ 08 V 
Input voltage; HIGH Vin 2.0 - 5.5 V 
Input leakage current (V; = 0 to 5.5 V) lip — — 10 yA 
Input capacitance C| _ — 7 pF 
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min. typ. max. 

F1 (1 MHz) Clock | 
Input voltage; LOW VIL —0.3 — 06 V 
Input voltage; HIGH Vin 2.2 — 5.5 V 
Input leakage current (V; = 0 to 5.5 V) lip — — 10 yA 
Input capacitance C; — — 7 pF 
Mark/space ratio (measured at 1.5 V level) 40:6(0 — 60:40 
DATA A, DLIM A/DLEN A (IBUS A) 
Data set up time | tps 3 — — ps 
Data hold time Fig.14 tDH 3 = — ys 
DLIM clock; HIGH tcH 4 — — Ws 
DLIM clock; LOW te. 4 — 62 wus 
Time between commands tac 140 _ co US 
DLIM frequency foLimM 16 — 160 kHz 
ALE (Address Latch Enable) (Figs. 3 and 4) 
Pulse width (HIGH) tALEH 400 — _ ns 
Cycle time TALE = 2500 —- ons 
RD,WR and Cs _ (Figs. 3 and 4) 
Control pulse width tWL = 700 —- ons 
Address hold time tLa 80 aa — ons 
Address set-up time tAL 120 — —- ons 
Read cycle timings (Fig.3) 

ALE to read pulse delay time . tALR 80 = — ns 
Read pulse (falling edge) 

to data bus delay time trp _ _ 500 ns 
Data hold time tor 0 _ 200 _ ns 
Write cycle timings (Fig.4) 

ALE to write pulse delay time tALW 80 — — ons 

Address set-up time to WR taw 230 aa 25 Sag 

Data set up time before WR tow 500 = — ons 

Data hold time after WR twb 120 — — ns 
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TALE Pa aeee ete ae 


Fig.3 Read cycle timing 
TALE es 
tWL — io 
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Fig.4 Write cycle timing 
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Inputs/Outputs 


These are protected against connection to Vss or Vpp 
DATA B, DLIM B, DLEN B, IBCLCK (IBUS B) 


Input voltage; LOW 
Input voltage; HIGH 


Input leakage current (V;=0 to 5.5 V) 
(3 state buffers off) 


Input capacitance 

Output voltage; LOW (Ig, = 1.6 mA) 
Output voltage; HIGH (—IQy = 200 nA) 
Output rise and fall times (C,;_ = 300 pF) 


other timings as IBUS A 


DOCDI (open drain output) 
Input voltage; LOW 
Input voltage; HIGH 


Input leakage current; (V; = 0 to 5.5 V) 
(output transistor off) 


Input capacitance 
Output voltage; LOW (Io, = 1.6 mA) 


TXDATA ° 


(Internal resistive pull-up, permitting wired - AND connection) 


Input voltage; LOW 

Input voitage; HIGH 

Input current; LOW (V;= 0.4 V) 
Input capacitance 

Output voltage; LOW (lo, = 1.6 mA) 
Output voltage; HIGH (—Ioy = 50 vA) 
Load capacitance 

Output rise time (Cy = 40 pF) 


PAO to PA4 (PORT A) (open drain output) 
Input voltage; LOW 

Input voltage; HIGH 

Input capacitance 

Output voltage; LOW (Io, = 1.6 mA) 

Off state leakage current (V; = 0 to 13.2 V) 
Load capacitance 

Fall time 
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Inputs/Outputs (continued) min. typ. max. 
PBO (PORT B) (open drain output) as PORT A except 
Output voltage; LOW (Io, = 1.6 mA) VOL — — 04 V 
Output voltage; HIGH VOH —_ _ 13.2 V 
Load capacitance CL — — 100 pF 
PB1 to PB3 (PORT B) 
Input voltage; LOW VIL —0.3 = 08 V 
Input voltage; HIGH VIH 2.0 = 5.5 V 
Input capacitance C _ — 7 pF 
Load capacitance CL _- 7 100 pF 
Output voltage; LOW (Io, = 1.6 mA) VOL — _ 04 V 
Off state leakage current (V = 0 to 5.5 V) IOR - _ 10 uA 
DO to D7 (8-bit Data bus) 
Input voltage; LOW Vib -0.3 = 08 V 
Input voltage; HIGH Vi 2.0 7 5.5 V 
Output voltage; LOW (Io, = 1.6 mA) VOL _ - 04 =+V 
y Output voltage; HIGH (—IQ}y = 200 uA) VOH 2.4 — _ V 
» Input leakage current (V; = 0 to 5.5 V) 
Q (3-state buffers off) liR — _ 10 pA 
5 Input capacitance C\ — _ 7 pF 
Output rise and fall times (C, = 150 pF) tr | = =, _Wiegi. oes 
a te J 
rT Outputs 
rf These are protected against connection to Vss or Vpp. 
7 FSKOUT and TFSKOUT 
Output voltage; LOW (Io, = 1.6 mA} VOL — _ 04 V 
Output voltage; HIGH (—IQy = 200 vA) VOH 2.4 = - Vv 
Rise and fall times (Cj = 100 pF) tr | =" _ 500 ns 
DON and IMP 
Output voltage; LOW (Io, = 50 nA) VOL — ~ 0.2 Vv 
Output current; HIGH (Voy = 0.8 V clamped)* IOH 200 — 2000 wA 
Output voltage; HIGH (—loy = 200 HA) VOH 2.4 _ —- Vv 


Autodialling timings are given in Fig.6 


*These outputs are normally intended to drive the base-emitter junction of a bipolar transistor and so 
in normal use the Voy may be clamped to Vhe. 


RESET FUNCTION 

It is possible to reset the SAA5070 to its nominal state either automatically on power-on by means of 
an internal power-on reset circuit, or by setting D5 in command register (R3) to ‘1’, which returns to 
‘0’ on completion of the reset sequence. The device resets to viewdata mode, i.e. 75 baud transmit rate, 
even parity, etc, as shown by the all zero’s state in registers RO to R3, R6, R7 and R8 except for 
LTXRDY, IBTXRDY, and TTXRDY (in the status registers RO and R1) which will come up as ‘1’ after 
the transmitters have been reset, showing that they are ready to accept new data. 
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APPLICATION DATA 

Chip organisation 

Each section of the SAA5070 may be accessed by the microprocessor via a register (of up to 8-bits) 
connected to an internal data bus. There are 15 registers on chip accessed by 11 addresses. Some of 
the registers are two-level, i.e. two bytes of data are transferred by two successive read (or write) 
sequences to the same address, also some read only registers have the same address as a write only 
register. | 

An appendix lists the registers, their contents, and their use. 

Section descriptions 

The description of each section includes associated registers, flags, and pins, as well as the method of 
operation. On the following block diagrams external pins are shown boxed and internal flags are shown 
underlined. 


Microprocessor Interface 
DOtoD7 — I/O —  §8-bit input/output port 
Associated pins: ALE input address latch enable from microprocessor 
. WR input write pulse from microprocessor 
RD input read pulse from microprocessor 
cs input chip select 


Operation 


The control microprocessor communicates with the SAA5070 via an 8-bit data 1/O port DO to D7. 

An internal read or write pulse is produced by gating RD and WR with CS. A single register is enabled 
onto the internal bus by gating the read or write lines with the address decoder outputs. The register 
address is taken from the 4 least significant data bits latched on the falling edge of ALE. (See timing 
diagrams Figs. 3, 4). The address (D3 most significant, DO least significant) relates directly to the 
register numbers shown in the register map, detailed in the appendix, and referred to in other section 
descriptions. 


Four registers not specifically related to any one section are included. These are the status registers 

RO and R1, the mode register R2, and the command register R3. These registers are used to determine 
the current status of the device, to dictate the mode of operation or to initiate a specific operation. 
The status registers are read only, the mode and command registers are read/write. When writing to 
these registers, it is recommended that the unallocated bits are set to ‘0’. On reading the registers the 
state of the unallocated bits should be assumed to be random. The exact functions of the flags 
contained in these registers are described in the section description to which they relate. 


Autodial section (see Fig.5) 


Associated Register: -— R8 — DO to D3 write only 
D4 to D7 read/write 


Associated flags in other registers: None 


Associated pins: DON output | 


to drive dialling relays 
IMP output | . g - 
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Operation 

The autodial section includes a clock divider, a digit impulse counter, a sequence controller and an 
impulse generator (see block diagram Fig.5). A sequence to generate the impulses for one digit is 
initiated by setting D5 (DIAL GO) to ‘1’ D3 to DO to the binary code of the required digit, and D7 

to the required mode. This initiates the sequence controller which loads the binary code into the 
digit impulse counter. The counter then generates the correct number of impulses at the rate of 10 
per second, together with a DON pulse which overlaps the impulses by about 7 ms at the start and end 
(see Figs.6, 7); the interdigit pause period is also added by the sequence controller. D5 is reset to ‘0’ 
at the end of a dialling sequence and may be read by the microprocessor to determine when the dial 
circuit is free to accept the next digit. 


D7 (UK/EUR) determines the mark/space ratio of the IMP pulses 


UK = 2 off to 1 on | 
wh: - both | 100 
EUR=1.50fftolon | Greet eee, 


There is a timer in the dial circuit which can be used to time out 1.5 seconds or 60 seconds by setting 
D4 or D6 respectively. These bits are read/write and are reset after the relevant time out period. In 
addition the 60 second timer can be reset by writing a ‘0’ to D6. The 60 second timer may be used 
typically by the microprocessor to release the telephone line if connection has not been made within 
60 seconds. The DON pulse resets the counter so that the time out is taken from the end of the last 
digit dialled. Once a dialling sequence for one digit has been initiated, R8 should be used only in 
read mode until D5 has been reset internally to ‘0’ indicating the end of the dial sequence for that 
digit. 

When D5 (DIAL GO) is set to ‘1’ the carrier detect circuit (see the next section and Fig.8) is disabled. 
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Line Demodulator and Carrier Detect (see Fig.8) 
Associated Register:— None 
Associated flags in other registers: 


LIDCD —- D2 — RO (Status) — instantaneous carrier detect flag 
LDCD — D5 — RO (Status) — carrier detect flag 
75/1200 — D5 — R2 (Mode) — transmit frequency baud rate (used in 


demodulator carrier detect circuit) 


line demodulator output buffer and carrier 
detect enable 


DIALGO —- D5 — R8 (Dial control) — used to disable carrier detect circuit during 
dialling sequence 


-LDBEN —- D4 — — R3 (Command) 


Associated pins: FSKIN — input — filtered, squared F.S.K. signal 
CARDET —_ input — unfiltered (squared) F.S.K. signal. 
DOCDI — input/output ~— demodulator output, external LDCD in 
Operation 


The input to the demodulator is the previously filtered and squared up F.S.K. signal from the telephone 
line. Its output is a pseudo analogue signal which must be externally filtered and squared to produce 
the demodulated data. The carrier detect circuit functions in the following modes: 


a) Viewdata mode (1200 baud receive, 75 baud transmit). Initially, a narrow frequency band 
‘window’ around 1300 Hz is accepted as carrier, this must be applied to the CARDET input. Ifa 
frequency in this range is present, the ‘instantaneous carrier detected’ flag will be HIGH (LIDCD), 
after about 2 seconds the ‘line carrier detected’ flag will be set HIGH (LDCD). When this occurs, 
the frequency window is widened to include 2100 Hz and the circuit no longer takes its input from 
the CARDET pin, but from the FSKIN pin. 

If carrier is then removed LIDCD immediately goes LOW, and after about 1 second LDCD is reset, 
the frequency window again becomes narrow and around 1300 Hz and the CARDET input again , 
becomes active. Reappearance of carrier in the 1300 Hz range will cause a repeat of the above. 


b) 1200 baud each way mode 
Only the instantaneous carrier detect is active in this mode. LDCD is forced LOW and the CARDET 
input inhibited (only FSKIN should be used in this mode). 


c) External carrier detect input | 
lf an external modem is used its (active LOW) carrier detect output is connected to DOCDI. 
Provided that the demodulator is not enabled, LDCD will be set if DOCDI is LOW and reset 
if it is HIGH. 


Demodulator enable 


LDCD is produced by the carrier detect circuit, which is enabled by LDBEN and disabled by DIAL GO, 
In the viewdata mode the demodulator is enabled by LDCD. 
In the 1200 baud each way mode the demodulator is enabled directly by LDBEN. 
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Fig.8 Line demodulator and carrier detect block diagram 
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Line Receiver (see Fig.9) 
Associated Register: —  R4 read only 
Associated flags in other registers: 


LRXRDY — _ D6 — RO (status) — valid data available in receive holding register 

LFERR — D4 — RO (status) — line framing error (derived from STOP bit of 
| message). 

LPERR —- D3 — RO (status) — — line parity error. 

LPO/E — D7 —  R2 (mode) — odd or even parity detection mode select 

LPEN — D6 — R2 (mode) — 8 bit data or 7 bit plus parity mode select 

LRXEN — D7 — R3(command)— _ line receiver enable. 

Associated pins: RXDATA — input — _ received data input 

Operation 


The receiver may be configured to work with either 7 data bits and 1 parity, or with 8 data bits and no 
parity. Odd or even parity can be detected on chip, the LPERR flag being set when an error is detected. 
The required mode of operation should be selected by setting LPEN and LPO/E to the required states | 
by writing to mode register (R2) before enabling the receiver by setting LRXEN to ‘1’ in command 
register (R3). The data format is 10 bits per data word. The data word is made up of a start bit (LOW), 
8 data bits, the 8th being an optional parity bit, and a stop bit (HIGH). The receive data will remain 
HIGH after the stop bit until the next data word. When the receiver has been enabled a negative 
transition is looked for on the RXDATA input indicating a possible start bit. After half a bit rate period 
the data is sampled again and if it is still LOW it is interpreted as a start bit, initiating a sequence which 
clocks the data into a shift register. When the full ten bit message has been received, the 8 data bits are 
parallel loaded into the receiver holding register (R4), the LRXRDY flag is set to ‘1’. The complement 
of the stop bit is loaded into the LFERR latch and the result of the parity check is loaded into LPERR 
latch. If line parity is not enabled i.e. LPEN = ‘1’, then LPERR is held at ‘0’. The LRXRDY flag is 
reset to ‘0’ after the microprocessor has read the receiver holding register (R4). The receiver has a 52 
times baud rate factor to allow for maximum isochronous distortion. 
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Fig.9 Line receiver block diagram 
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Line Transmitter (see Fig. 10) 
Associated Register: — R4 write only 
Associated flags in other registers: 


LTXRDY — D7 — _ RO (status) — transmit holding register ready to accept new 
data 

LPO/E. — D7 — _ R2 (mode) — odd or even parity mode select 

LPEN — D6 —_ R2 (mode) — 8 bit data or 7 bit data with parity mode 
select 

75/1200 — D5 — _ R2 (mode) — select transmit baud rate 

LTXEN —- D6 — _— R3 (command) — line transmitter/modulator output enable 

Associated pins: TXDATA —_ 1/O — transmitter output (and also modulator input) 

Operation 


The data format of the transmitter is the same as that of the line receiver i.e. 10-bits, a start bit (LOW) 
followed by 8-data bits, the 8th bit being an optional! parity (selected by LPEN), odd or even parity 
being selectable (by LPO/E) ending with a STOP bit (HIGH) the Shue remaining HIGH until the next 
data word is written. 

The transmitter and modulator may be used together or separately. The transmitter output is brought 
to the TXDATA pin (if LTXEN = 1) which is connected internally to the modulator input. The TXDATA 
pin has an internal resistive pull up permitting wire - AND connection. If the modulator is used with an 
off chip data source (e.g. UART) then data should not be written to the internal transmit holding register 
(R4). The'STOP bit (HIGH) will then be continuously output when LTXEN = 1 (required to enable 
modulator output) allowing the external UART to control the TXDATA (pin 6). 

To operate the transmitter the required mode should be set-up initially by writing to the mode register 
(R2) the required states of 75/1200, LPEN, LPO/E. The transmitter can then be enabled by setting 
LTXEN to ‘1’ in the command register (R3). The 8-bit data word can then be written to the transmit 
holding register (R4). If parity is enabled then the 8th bit is ignored and the value of the parity bit 
calculated from the first 7-data bits and LPO/E. The LTXRDY flag is set to zero when the holding 
register is written into. If the transmit output shift register is not currently in use the contents of the 
holding register are transferred to the output shift register and LTXRDY returns to ‘1’. This means 
that new data may now be written to the holding register but will not be transferred to the output shift 
register until the 10-bits of the current message have been clocked out. The start, stop, and parity bit 
(if selected) are written into the output shift register with the data word automatically. 

Two transmit baud rates are selectable, 75 baud for viewdata transmissions or 1200 baud for private 
data communication systems. 
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Fig.10 Line transmitter block diagram 
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Line Modulator (see Fig.11) 
Associated Register: — None 
Associated flags in other registers: 


75/1200 —~ D5 —  R2 (mode) — transmit baud rate select. 

LTXEN — D6 — R3 (command) — _ line transmitter/modulator output enable. 

Associated Pins: TXDATA — _ 1/O — modulator input (also (on chip) transmitter output). 
FSKOUT — output — __ line modulator output 

Operation 


The modulator generates a pseudo analogue signal from a serial shift register which is parallel loaded 
with patterns from an internal ROM. The frequency of the sine wave is determined by the selected baud 
rate 75/1200, and the value of the dataon TXDATA (pin 6). 


1200 baud 
75 baud 


1300 Hz 
390 Hz 


2100 Hz 
450 Hz 


One sine wave cycle is comprised of a 92-bit pattern which after minimal external low pass filtering 
provides a suitable F.S.K. signal out (see Fig.11) 


TX DATA 

data from 
line transmit 
shift register 
(wired AND 
connection) 

system CLOCK SHIFT 

SHIFT OUTPUT 
clock DIVIDER 
REGISTER LOAD LTXEN 
M80—1277/11 


Fig.11 Line modulator block diagram 
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Tape section (see Fig.12) 


Associated registers: — R5 — Consists of two registers with the same address: 
transmit holding register write only 
receive holding register read only 


Associated flags in other registers: 


TTXRDY — D7 —_ Ri (status) — transmit holding register ready to accept new data 
TRXRDY — D6 — __ R1 (status) — valid data available in receive holding register 
TDCD —- D5 — Ri (status) — tape data carrier detect flag 
TFERR — D4 — _ Ri (status) — tape framing error (derived from STOP bit of message) 
TPERR —- D3 — _ R11 (status) — tape parity error | 
TPO/E. —- D3 —  R2 (mode) —  oddor even parity mode select. 
TPEN — D2 —  R2 (mode) —  §8-bit data or 7-bit plus parity mode select 
TRXEN — D3 — R3 (command) — _ tape receiver enable 
TTXEN — D2 — R3 (command) — _ tape transmitter enabie 
Associated pins: TFSKIN — input —  F.S.K. input to tape sections 

_ TFSKOUT — output — _ F.S.K. modulated data out 


DEVELOPMENT DATA 
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Operation of tape section (see Fig.12) 


The tape data modulation system is a modified form of the ‘Kansas City’ standard. A logic ‘1’ is 
represented by one cycle of 1300 Hz, and a logic ‘0’ by two cycles of 2600 Hz, the data rate being 
1300 baud. The data format is the same as that for viewdata, i.e. 10-bit words consisting of aSTART 
bit (LOW), followed by 8-data bits, the 8th being an optional parity bit, ending with a STOP bit (HIGH) 
which is continuous until the next data word. 

To operate the tape section the required parity mode should first be set up by writing the required 
states of TPEN and TPO/E to the mode register (R2). The TTXEN command enables the output of 
the transmit shift register into the modulator, and should be set before data is written to the transmit 
holding register. (With TTXEN = ‘0’ the modulator outputs a continuous 1300 Hz signal ‘1’). Whena 
data word is written to the transmit holding register the TTXRDY flag is reset to ‘0’. If the transmit 
shift register is not currently active the contents of the holding register, along with valid parity bit 

(if enabled) and the START and STOP bits are transferred to the transmit shift register, at the same 
time TTXRDY is set to ‘1’. The holding register is then free to accept new data but this will not be 
transferred to the shift register until the current data has been clocked out. Data should be written to 
the tape transmit holding register, therefore, only when TTXRDY = ‘1’. 

The modulator produces 1300 Hz and 2600 Hz signals which occur synchronously with the data from 
the transmitter. Hence a ‘1’ is one complete 1300 Hz cycle, and a ‘0’ two complete 2600 Hz cycles. 
The modulator output, TFSKOUT, requires minimal external low pass filtering to produce data 
suitable for audio cassette tape recorders. 

To overcome the tendency of cassette recorders to attenuate high frequencies, the 1300 Hz signal 
contains 2 us wide attenuating pulses every 12 us. This reduces the 1300 Hz signal by Approximately 
3 dB relative to the 2600 Hz signal after external filtering. 

The data rate of 1300 baud is slightly faster than the 1200 baud line receive rate, allowing incoming 
data from the line to be transferred simultaneously (via the microprocessor) to tape. 


The TFSKIN input accepts the previously filtered and squared data from the tape recorder. The 
demodulator uses the fact that the modulated data is in phase with clock to regenerate the clock 

from the data. This permits a wide tolerance on replay speeds. A carrier detect circuit is included 

which sets the TDCD flag to ‘1’ if carrier (1300 Hz or 2600 Hz) is valid for 100 ms. If carrier is 

lost for 100 ms the TDCD flag is reset to ‘0’. This flag may be read by the microprocessor to determine 
when to enable the tape receiver by setting TRXEN to ‘1’. 

If TRXEN is set, then on detection of a start bit (LOW) data is shifted into the tape receive shift register 
by the clock which has been extracted from the data. After ten clocks, the contents of the shift register 
are transferred to the receive holding register. At the same time the complement of the STOP bit is 
loaded into the TFERR latch, the results of the parity calculation loaded into the TPERR latch, and 
TRXRDY is set to ‘1’. The TRXRDY flag is read by the microprocessor to identify when valid data is 
in the holding register and is reset to ‘0’ when the holding register (R5) is read. 


June 1981 


L86L aunr 


E9E 


TRXRDY 


RECEIVING 
HOLDING REGISTER 
SR LOAD 


START 


RECEIVE STOP 
SHIFT REGISTER 
(10 BITS) 


OUTPU 
TAPE DEMODULATOR 
1300 BAUD 


DEVELOPMENT DATA 


INTERNAL DATA BUS (8 BITS) 


DO 


TPERR TPO/E 


. TTXRDY 


. C) 
PARITY ERROR LD : 
seers PARITY TRANSMIT se 
ERROR LATCH LOGIC HOLDING REGISTER 
i AND LATCH se 


LOAD 
TRANSMIT SHIFT 


REGISTER 
OUTPUT CLOCK 


INPUT 


INPUT 


CARRIER 
DETECT 


TAPE MODULATOR 
1300 BAUD 


Fig.12 Tape section block diagram 
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IBUS A receiver and IBUS B receiver/transmitter (see Fig.13) 


Associated registers: 


Receiver A (2 bytes) — R10 — readonly 
Receiver B (2 bytes) — R11 — readonly 
Transmitter B (2 bytes) — R11 — write only 


Associated flags in other registers: 


IBRXRDY — D1 — RO (status) — valid data available in receiver B holding register 
IBTXRDY — DO — RO (status) _— transmitter B holding register ready to accept 

| new data 
IARXRDY — D1 — R11 (status) — valid data available in receiver A holding register 
CLCK IN/OUT — D1 — R83 (command) — input/output control for 62.5 kHz pin 
DLEN A/DLIMA — DO — R3 (command) — 3-line/2-line control for IBUS A receiver. 
Associated pins: 
DATAA — input — _ receiver A data input 
DLIMA/DLENA  — input —_ receiver A data clock or bus enable signal 
DATAB — t/O — receiver B data input/transmitter B data output 
DLIM B — |/O — receiver B data clock input/transmitter B data clock output 
DLENB — 1/0 — receiver B bus enable input/transmitter B bus enable output 
IBCLCK — 1/0 — 62.5 kHz clock input/output 
Operation 


All three IBUS circuits (receiver A, receiver B, and transmitter B) are capable of handling variable length 
codes from 1 to 12 bits. (In fact 15 bits can be transmitted 12 being data the rest being trailing zero’s, and — 
15 bits may be received but only the last 12 being retained). Each of the three circuits. have two 8-bit 
registers which are accessed by two successive read or write operations to the same address. There isa 
pointer for each pair of registers which selects the first. or second byte. The pointers act in a bistable 
fashion with each access and are reset to point to the first byte with power on, D5 set in R3, or by 
reading either of the status registers RO and R1. The two bytes of data in each holding register contain 
12 bits of message, and 4-bits which specify the word length of message. For the transmitter the word 
length is used to generate the correct number of data clocks, for the receivers it may be used to identify 
the source of the message, or to establish that the message was a valid length. 


The contents of each receiver register pair is organised as: 


Ist byte D7 D6 D5 D4 D3 D2 D1 DO 
RXA — R10A 

RXB —R11A 

aa byes D7 D6 D5 D4 =~D3~—séiDk2 D1 00 
RXA—R10B ~~ Word length 

RXB — R11B MSB 


Where L, L — 1 etc. means last data bit received, last minus one etc. 


June 1981 


Microcomputer/microprocessor peripheral IC for viewdata SAA5070 


ASYNCHRONOUS 
2— LINE 


ASYNCHRONOUS 
2 — LINE 
| BUS | BUS 


DATAA | O 
RECEIVER IBRXRDY RECEIVER 


| O DATA B 
: > [eae 
DLIM 7 
line busy 
@ 
MUX DLENA/DLIMA ) 
DLIMA/DLENAI o inhibit 
transmission 


IARXRDY 


6 3— LINE 
e DATA, DLIM, DLEN 
IBUS ee 
62.5kHz TRANSMITTER O 
clook B IBTXRDY 
3— STATE = synchronise 

Z BUFFER cick invout} ° PY 
< 
a 
5 C) M80-—1277/13.A 
s 
a 
¢ 
lu Fig.13 |BUS block diagram 
> 
Wu 
fa) 

For the transmitter the register pair is organised as: 

TXB — R11A s | 7 [6 | 5s [4 ] 3 2h 

2nd byte D7 D6 D5 D4 D3 D2 D1 DO 


Word length | Word length | Word length | Word length | 49) 14 10 | g 
re anie es 8 aa 


Where 1, 2, etc. means first data bit transmitted, second data bit transmitted, etc. 


IARXRDY or IBRXRDY (D1 in status registers R1 and RO) are set when a message has been received 

by RXA or RXB respectively. These flags also inhibit the receive holding registers from being overwritten 
by subsequent messages until the holding registers have been read. Reading a holding register pair will 
reset the relevant [|ARXRDY or IBRXRDY flags. 
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Transmitter B is initiated by writing two bytes to the transmit holding register (R11). This sets IBTXRDY 
to ‘0’. The DLIM line is sampled to detect the line busy state, and when the line is free a time out starts. 

If further DLIM’s are detected before the end of the time out period the time out is reset and the sequence 
will begin again. When the time out has been completed the contents of the holding register are transferred 
to the output shift register and word length counter. The data and correct number of data clocks are then 
transmitted, at the completion of which IBTXRDY is returned to a ‘1’. New data should not be written to 
the transmit holding register (R11) while IBTXRDY = ‘0’. If the line is busy when a transmission is 
requested, the transmission will not start until 300 — 330 us after the line becomes free (last DLIM). 
Receiver B is inhibited from receiving data transmitted by transmitter B. 

Receiver A may operated either as a two line receiver with DATA and DLIM, or as a three line DATA, 
DLEN and CLK receiver. DL!IM A/DLEN A use the same pin, the function of which is selected by the 
DLEN A/DLIM Acommand DO, register R3 (command). 

The 62.5 kHz clock (pin |BCLCK) may be used either as an input for receiver A (as described above), 

or to synchronise transmitter B outputs, or as an output synchronous with transmitter B. The function 

is selected by CLCK IN/OUT command D1 in R3 | 
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Fig. 14 IBUS waveforms 
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PORT A 
Associated register: R6 — bitsOto4 -—_ read/write 
Associated pins: PAO to PA4 


Operation 


This is a 5-bit general purpose input/output port. The outputs are latched and are open drain up to 
nominal 12 V. 

The latches may be accessed by the microprocessor via BUS DO to D7 by a read or write sequence 

to register R6. If any pin of the port is used as an input then its output latch must first be written with 
a ‘1’. This allows the external circuit to control the pin. The state of the pins may be read by the 
microprocessor by reading R6. If the supply to the open drain outputs is turned on before the Vpp 
supply to the IC, then the PORT must first be cleared by writing 1’s to the output latch before 
Operation. 

PORT A might typically be used in viewdata mode as an interface to a non-volatile memory in which 
telephone and password numbers may be stored. 


PORT B 
Associated register: R7 — bitsOto3 —_ read/write 
Associated pins: PBO to PB3 


Operation 


This is a 4-bit general purpose input/output port. It behaves in exactly the same way as PORT A except 
that access is by addressing R7, and that outputs PB1 to PB3 are open drain to nominal 5 V. PBO is 
open drain to nominal 12 V, and might typically be used in combined teletext/viewdata applications to 
control the Picture On function. 
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APPENDIX 
Register map 


RO LTXRDY LRXRDY LDCD = ee Ce IBRXRDY om 


R2 LPO/E LPEN 75/1200 TPO/E TPEN 
| R/W _R/W R/W R/W R/W 
R3 LRXEN LTXEN RESET LDBEN TRXEN TTXEN CLCK IN/OUT | DLEN A/DLIMA | 
R/W RW R/W RW R/W RW R/W R/W 
R4 PARITY 
R 
R4 golly 
W ow) 
R5 | PARTS 
R_ Ba 1A) 
R5 PARITY 
OR 
B8 a 
Loe Le PAQ igh de 
| RW 
R7 i PB2 PB1 PBO 
| RAW R/W R/W RW 
R8 UK/EUR 60s TIMER DIAL GO 1.5s TIMER DI2 DIO 
| | RW LRM Ww Ww Ww. 
| 5 


only 


R10A B8 B B4 B3 B2 B1 
R R R R R R 
R1i0B WL3 WLO B12 B11 B10 B9 
R R R R R R 


STATUS 
REGISTER 0 


STATUS 
_REGISTER 1 
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REGISTER 
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REGISTER 
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HOLDING 
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HOLDING 
REGISTER 


TAPE RECEIVE 
HOLDING 
REGISTER 


TAPE TRANSMIT 
HOLDING 
REGISTER _ 
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DEVELOPMENT DATA 


APPENDIX 
Register map (continued) 


IBUS B 
REGISTERS 


NOTE RQ is unused. 


For details of bit movement in R10 and R11 see discussion of |BUS operation. A mnemonic list for use with this register map and Fig.1b 
is given on the next page. _ 


= 
o 
= 
o 
© 
o 
3 
Tt 
c 
et 
@ 
= 
— 
3. 
© 
-:| 
jo] 
xe] 
= 
2) 
i'r] 
© 
an 
na 
.°] 
= 
xe] 
© 
am 
T 
= 
O- 
— 
2 
© 
~— 
° 
Lm 
=: 
® 
= 
c. 
a 
Ps 
o 


OLOSVVS 


370 


SAA5070 


MNEMONIC LIST 


ALE 


CLCK IN/OUT 


CPNTR 


DLEN A/DLIMA 


DON 

IMP 
IARXRDY 
IBRXRDY 
IBTXRDY 
LDBEN 
LDCD 
LFERR 
LIDCD 
LPEN 
LPERR 


LPO/E 
LRXEN 
LRXRDY 
LTXEN 
LTXRDY 
SRn 
TDCD 
TFERR 
TPEN 
TPERR 
TPO/E. 
TRXEN 
TRXRDY 
TTXEN 
TTXRDY 
UK/EUR 
75/1200 
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address latch enable from microprocessor 
input/output control for 62.5 kHz clock pin 
pointer signal for two byte registers 

three line/two line control for IBUS A receiver 
dial off normal relay control for dialling 
impulsing relay control for dialling 

IBUS A receiver ready — data available 

IBUS B receiver ready — data available 


IBUS B transmitter ready — previous transmission complete 


line demodulator output buffer enable 

line data carrier detected 

line receiver framing error — received stop bit not HIGH 
line instantaneous data carrier detect 

line parity enable command 

line receiver parity error flag 


line parity odd/even command 

line receiver enable 

line receiver ready — data available 

line transmitter and modulator enable 

line transmitter ready — transmit holding register empty 
select register ‘n’ 

tape data carrier detected 

tape receiver framing error — received stop bit not HIGH 
tape parity enable command 

tape receiver parity error flag 

tape parity odd/even command 

tape receiver enable 

tape receiver ready — data available 

tape transmitter enable 

tape transmitter ready — transmit holding register empty 
impulsing ratio control for UK and European standards 


baud rate selection command for !ine modulator and line transmit shift 


register 


SAA5230 


TELETEXT VIDEO PROCESSOR 


GENERAL DESCRIPTION 


The SAA5230 is a bipolar integrated circuit intended as a successor to the SAA5030. It extracts Tele- 
text Data from the video signal, regenerates Teletext Clock and synchronizes the text display to the 
television syncs. The integrated circuit is intended to work in conjunction with CCT (Computer 
Controlled Teletext), EUROM or other compatible devices. 


Features 


@ Adaptive data slicer 

@ Data clock regenerator 

@ Adaptive sync separator, horizontal phase detector and 6 MHz VCO forming display phase 
locked loop (PLL) 


QUICK REFERENCE DATA 


Supply voltage (pin 16) Vcc typ. 12 V 
Supply current (pin 16) lec typ. 70 mA 
Video input amplitude (pin 27) (peak-to-peak value) 
pin 2 LOW V27-13(p-p) typ. 1V 
pin 2 HIGH V27-13(p-p) typ. 2,5 V 
Storage temperature range Tstg —20 to + 125 °C 
Operating ambient temperature range Tamb —20 to + 70 °C 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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text composite 
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Fig. 1 Block diagram. 
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Teletext video processor SAA 523 O 


PINNING 
text composite sync input (TCS) 
or ae 
eyne autpet Ee scan composite sync input (SCS) 
video input level select composite video input 
HF filter black level 
video composite sync output 
store HF 4 | (vcs) 
store amplitude 5 | pulse timing capacitor 
store zero level 6 | pulse timing resistor 
external data input 22 | sandcastle input pulse (PL/CBB) 
SAA5230 
data timing | 8 | filter 1 
store phase 9 | oscillator input 
VCR } 10) filter 2 
crystal oscillator output 
clock filter 6 MHz output (F6) 
ground supply Vcc 
clock output (TTC) 14 | data output (TTD) 
7291272.1 
Fig. 2 Pinning diagram. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 16) Vcc max. 13,2 V 
Storage temperature range T stg —20 to+ 125 °C 
Operating ambient temperature Tamb —20 to+ 70 °C 
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CHARACTERISTICS 


Vcc = 12 V; Tamb = 25 °C with external components as shown in Fig. 3a or Fig. 3b unless otherwise 
stated. 


parameter symbol min. typ. max. unit 


Supply (pin 16) 
Supply voltage Vcc 10,8 12,0 13,2 
Supply current lec _ 70 _ 


Video input and sync separator 


Video input amplitude (sync to white) 
(peak-to-peak value) 


video input select level LOW (pin 2) V27-13(p-p) 0,7 1 1,4 
video input select level HIGH (pin 2) V27-13(p-p) 1,75 2,5 3,5 
Source impedance IZ¢| _ — 250 
Sync amplitude (peak-to-peak value) V27-13(p-p) 0,1 — 1 


Video input level select 


Input voltage LOW , V9.13 | 0 _ 0,8 
Input voltage HIGH V9.13 2,0 _ 5,5 
Input current LOW Py) 0 - —150 
Input current HIGH Ip ‘0 _ 1 


Text composite sync input (TCS) 
Input voltage LOW V28-13 0 - 0,8 
Input voltage HIGH V28-13 2,0 ~ 7,0 


Scan composite sync input (SCS) 
Input voltage LOW V28-13 0 = 1,5 
Input voltage HIGH V28-13 3,5 — 7,0 


Select video sync from pin 1 

Input current (pin 28) 
atV;=Oto7V log —40 —70 —100 
at V}=10V to Vcc log —5 +5 


Video composite sync output (VCS) 


Output voltage LOW V25-13 0 _ 0,4 
Output voltage HIGH V25-13 2,4 _ 5,5 
D.C. output current LOW lo5 _ _ 0,5 
D.C. output current HIGH lo5 - — —1,5 
Sync separator delay time tg — 0,35 — 
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Dual polarity buffer output 
TCS amplitude 


(peak-to-peak value) V 1-13(p-p) — V 
Video sync amplitude 
(peak-to-peak value) V 1-13(p-p) 1 V 
Output current 4 +3 mA 
D.C. output voltage 
R,_ to ground (0 V) V 1.13 — V 
R, to Vcc (12 V) V4-13 — V 
Sandcastle input pulse (PL/CBB) 
Phase lock pulse (PL) 
PL on (LOW) V99-13 3 V 
PL off (HIGH) V99-13 5,5 V 
Blanking pulse (CBB) 

CBB on (LOW) V99.13 0,5 V 
CBB off (HIGH) V99-13 55 V 
Input current yy) + 10 LA 

Phase locked loop (PLL) 
Phase detector timing 
Pulse duration 
using composite video to — ys 
using scan composite sync tp ~ us . 
time PL must be LOW 
to make VCO run-free te — TKS 
6 MHz clock output (F6) 
A.C. output voltage 
(peak-to-peak value) V17-13(p-p) 3 V 
A.C. and d.c. output voltage range V17-13(max) 8,5 V 
Rise and fall time ty; tf 40 ns 
Load capacitance C17-13 40 pF 
Video recorder mode input (VCR) 
VCR-mode on (LOW) V10-13 0,8 V 
VCR-mode off (HIGH) V10-13 Vcc V 
Input current 110 + 10 MA 
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CHARACTERISTICS (continued) 


Data slicer 


Data amplitude of video input (pin 27) 
video input level select LOW (pin 2) 
video input level select HIGH (pin 2) 


Teletext clock output 


A.C. output voltage 
(peak-to-peak value) V14-13(p-p) 


D.C. output voltage (centre) V 14-13 
Load capacitance CL 
Rise and fall times ty; tf 


Delay of falling edge relative to 
other edges of TTD tq 


Teletext data output 


A.C. output voltage ) 
(peak-to-peak value) V 15-13(p-p) 


D.C. output voltage (centre) V 15-13 
Load capacitance CL 
Rise and fall times ty; te 
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APPLICATION INFORMATION 
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(1) Ceramic resonator e.g. Kyocera KBR 6,0M. Adjust the free-running frequency to 6010 kHz + 5 kHz. 


Fig. 3a Application circuit using ceramic resonator in PLL. 
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(1) Quartz crystal e.g. catalogue number 4322 143 04101. Adjust the free-running frequency to 
6000,2 kHz + 0,2 kHz. 


Fig. 3b Application circuit using quartz crystal in PLL. 
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APPLICATION INFORMATION (continued) 


Component specifications 
Specifications of some external components in Fig. 3a and Fig. 3b. 


Ceramic resonator (preferred type KBR 6,0 M, Kyocera; Fig. 3a) 
Load resonance frequency (f) 6 MHz; adjustment tolerance + 0,5% 
Load capacitance (C,) 20 pF 
Temperature range (T) —20 to + 70 °C; frequency tolerance + 0,3% max. 
Resonance resistance (Ry) 6 {2 typ. 
Motional capacitance (C7) 9 pF typ. 
Static parallel capacitance (Cg) 60 pF typ. 
Ageing (10 years) f + 0,3% max. 


Quartz crystal 
Load resonance frequency (f) 13,875 MHz; adjustment tolerance + 40° 10°° 
Load capacitance (C; ) 20 pF 
Temperature range (T) —20 to + 70 °C; frequency tolerance + 30°10°° max. 
Resonance resistance (R,) 10 &2 typ. 60 92 max. 
Motional capacitance (C7) 19 fF typ. 
Static parallel capacitance (Cg) 5 pF typ. 


Fixed inductance 
Inductance (L) 15 wH + 20% 
Quality factor (Q) 20 min. 


Quartz crystal (preferred type catalogue number 4322 143 04101; Fig. 3b) 
Load resonance frequency (f) 6 MHz; adjustment tolerance + 40° 107° 
Load capacitance (C; ) 20 pF 
Temperature range (T) —20 to + 70 °C; frequency tolerance + 30: 10°° max. 
Resonance resistance (R,) 60 Q 
Motional capacitance (C1) 28 fF typ. 
Static parallel capacitance (Cy) 7 pF typ. 
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The function is quoted against the corresponding pin number. 


1. Synch output to TV 
Output with dual polarity buffer, a load resistor to 0 V or + 12 V selects positive-going or 
negative-going syncs. 

2. Video input level select 


When this pin is LOW a 1 V video input level is selected. When the pin is not connected it floats 
HIGH selecting a 2,5 V video input level. 


3. HE filter 
The video signal for the h.f.-loss compensator is filtered by a 15 pF capacitor connected to this pin. 


4. Store h.f. 
The h.f. amplitude is stored by a 1 nF capacitor connected to this pin. 


5. Store amplitude 
The amplitude for the adaptive data slicer is stored by a 470 pF capacitor connected to this pin. 


6. Store zero level 
The zero level for the adaptive data slicer is stored by a 22 nF capacitor connected to this pin. 


7. External data input 


Current input for sliced teletext data from external device. 
Active HIGH level (current), low impedance input. 


8. Data timing 
A 270 pF capacitor is connected to this pin for timing of the adaptive data slicer. 


9. Store phase 


The output signal from the clock phase detector is stored by a 100 pF capacitor connected to this 
pin. 


10. Video tape recorder mode (VCR) 


Signal input to command PLL into short time constant mode. Not used in application circuit 
Fig. 3a or Fig. 3b. 


11. Crystal 


A 13,875 MHz crystal, 2 x data rate, connected in series with a 15 pF capacitor is applied via this 
pin to the oscillator and divide-by-two to provide the 6,9375 MHz clock signal. 


12. Clock filter 
A filter for the 6,9375 MHz clock signal is connected to this pin. 


13. Ground (0 V) 


14. Teletext clock output (TTC) 
Clock output for CCT (Computer Controlled Teletext). 
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APPLICATION INFORMATION (continued) 
15. Teletext data output (TTD) 
Data output for CCT. 


16. Supply voltage Vcc (+ 12 V typ.) 


17. Clock output (F6) 
6 MHz clock output for timing and sandcastle generation in CCT. 


18. Oscillator output (6 MHz) 


A series resonant circuit is connected between this pin and pin 20 to control the nominal frequency 
of the VCO. 


19. Filter 2 


A filter with a short time constant is connected to this pin for the horizontal phase detector. It is 
used in the video recorder mode and while the loop is locking up. 


20. Oscillator input (6 MHz) 
See pin 18. 


21. Filter 1 | 
A filter with a long time constant is connected to this pin for the horizontal phase detector. 


22. Sandcastle input pulse (PL/CBB) 


This input accepts a sandcastle waveform, which is formed from PL and CBB from the CCT. 
Signal timing is shown in Fig. 4. 


23. Pulse timing resistor 


The current for the pulse generator is defined by a 56 kQ2 resistor connected to this pin. 


24. Pulse timing capacitor 
The timing of the pulse generator is determined by a 220 pF capacitor connected to this pin. 


25. Video composite sync output (VCS) 
This output signal is for CCT. 


26. Black level 


The black level for the adaptive sync separator is stored by a 68 nF capacitor connected to this pin. 
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27. Composite video input (CVS) 


The composite video signal is input via a 2,2 uF clamping capacitor to the adaptive sync 
separator. 


28. Text composite sync input (TCS)/Scan composite sync input (SCS) 


TCS is input from CCT or SCS from external sync circuit. SCS is expected when there is no load 
resistor at pin 1. If pin 28 is not connected the sync output on pin 1 will be the composite video 
input at pin 27, internally buffered. 
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VIDEO 
SIGNAL 
(pin27) 
5V 
SANDCASTLE 
NEO 2V 
(pin 22) 
OV 
01,5 47 8,5 33,5 t (ps) 


Fig. 4 Sandcastle waveform and timing. 
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DEVELOPMENT DATA 
This data sheet contains advance information and = SAA5240 


specifications are subject to change without notice. 


EUROPEAN COMPUTER CONTROLLED TELETEXT CIRCUIT 
(EURO CCT) 


GENERAL DESCRIPTION 


The SAA5240 is a MOS N-channel integrated circuit which performs all the digital logic functions of 
a 625-line World System Teletext decoder. It operates in conjunction with the teletext video 
processor SAA5230, standard static RAM’s and is controlled via the 2-wire I?C bus. The device can 
be used to provide videotex display conforming to a serial character attribute protocol. 


Features 


@ Microcomputer controlled for flexibility @ Cursor control for videotex/telesoftware 
@ High quality flicker-free display using a @ 7-bits parity or 8-bit data acquisition 

12 x 10 character matrix ® Ghost row reception option (extension packets) 
@ Field flyback (lines 6 to 22), or full channel @ Standard |*C bus slave transceiver (slave 


(all lines) data acquisition address 0010001) 
@ Up to four simultaneous page requests enabling @ Single 5 volt power supply 

acquisition during one magazine cycle @ Mask programmable character sets: 
@ Direct interface up to 8 K bytes static RAM SAA5240A; English, German, Swedish 
@ Automatic language selection of up to SAA5240B;; Italian , German, French 


three different languages 
@ 25th display row for software generated 


status messages 
Vop (+5V) 


SAA5240 


TTD F6 
TTC DATA TIMING vcs 
ACQUISITION CHAIN SAND 
HOK TCS/ 
SCS 
R 
20 is 
SDA 12C INTERFACE CHARACTER B 
SCL 19 AND CONTROL GENERATOR cOR 
BLAN 
Y 
MEMORY INTERFACE 
Ld w 
21 [22 |23 |24 |25 |26 |27 |28 31 [32 |33 |34 |35 [36 |37 |38 |39 |40 |2_|3 5 
Vgg (OV) DO | D2 | D4 | D6 | AO! a2 | A4 1 AB | ABT AIO | A12 | WE 
D1 D3 D5 D7 At AS AB AZ AQ All OE 7Z87653.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINES 40-lead DIL; plastic (SOT-129). 


August 1984 383 


SAA5240 


SAA5240 
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Fig. 2 Pinning diagram. 


PINNING 

1 Vpp Power supply: + 5 V power supply pin. 

2,3, 40 A111, A12, Ai0 Chapter Address: three outputs that select which 1 K byte chapter 
of external RAM is being accessed for any read or write cycle. 

4 OE Output Enable: active low output signal used to control the 
reading of the external RAM. It occurs continuously at a 1 MHz 
rate. 

5 WE Write Enable: active low output signal used to control the writing 


of data to the external RAM. It occurs for a valid write cycle only 
and is interleaved with the read cycles. 


6 TTD Teletext Data: input from the SAA5230 Video Input Processor 
(VIP2). it is clamped to Vso for 4 to 8 ys of each television line 
to maintain the correct d.c. level following the external a.c. 
coupling. 
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11 


12 


13, 14, 15 


16 


17 


18 


19 
20 


21 
22-29 


30-39 


TTC 


HOK 


F6 


VCS 
SAND 


TCS/SCS 


BLAN 


SAA5240 


Teletext Clock: 6,9375 MHz clock input from the SAA5230. It is 
internally a.c. coupled to an active clamp input buffer. 


Hamming O.K.: an active high output signal indicating reception 
of a valid teletext data line with no Hamming errors in the 


magazine or row bytes. It is reset at line rate. 


Character display clock: 6 MHz clock input from the 
SAA5230. It is internally a.c. coupled to an active clamp input 


buffer. 


Video Composite Sync: input from the SAA5230 derived from 
the incoming video signal. Sync pulses are active high. 


Sandcastle: 3-level sandcastle output to the SAA5230 containing 
the phase locking and colour burst blanking information. 


Text Composite Sync/Scan Composite Sync: as an output an 
active low composite sync waveform (TCS) with interlaced or 
non-interlaced format (see Fig. 6) which is fed to the SAA5230 
to drive the display timebases. Alternatively this pin can act as an 
input for an active low composite sync waveform (SCS) to ‘slave’ 


the display timing circuits. 


Red, Blue, Green: these 3 open drain outputs are the character 
video signals to the television display circuits. They are active 
high and contain character and background information. 


Contrast Reduction: open drain, active low output which allows 
selective contrast reduction of the television picture to enhance 


a mixed mode display. 


Blanking: open drain, active high output which controls the 
blanking of the television picture for a normal text display and 


for a mixed display. 


Character foreground: open drain, active high video output signal 
containing all the foreground information displayed on the 
television screen (e.g. for driving a display printer). 


Serial Clock: input signal which is the 1?C bus clock from the 


microcontroller. 


Serial Data: is the |?C bus data line. It is an input/output 


function with an open drain output. 


Ground: 0 volts. 


8 RAM data lines: 3-state input/output pins which carry the data 


bytes to and from the external RAM. 


RAM address: 10 output signals that determine which byte 
location within a 1 K byte chapter of external RAM is accessed for 


any read or write cycle. 


August 1984 


385 


SAA5240 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pin 1) Vpp —0,3to +7,5 V 
Input voltage range 
VCS, SDA, SCL, DO-D7 Vy —0,3to +7,5 V 
—* TTC, TTD, F6, TCS/SCS Vj —0,3 to + 10,0 V 
Output voltage range 
—e SAND, A0-A12, OE, WE, DO-D7, SDA, HOK, R, G, B, BLAN, COR, Y Vo —O3to +75 V 
—» TCS/SCS Vo —0,3 to+ 10,0 V 
Storage temperature range Tstg —20 to +125 °C 
Operating ambient temperature range Tamb —20 to +70 °C 
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CHARACTERISTICS 
Vpp =5 V; Vss =9 V; Tamb = 25 PC unless otherwise specified 


SUPPLY 
Supply voltage (pin 1) 5,0 5,5 V 
Supply current (pin 1) 160 _ mA 


INPUTS (note 1) 


TTD (note 2) 

External coupling capacitor ~ 50 | nF 
Input voltage (peak-to-peak value) — 7,0 V 

Input data rise and fall times (note 3) — 80 ns 
Input data set-up time (note 4) ~ = ns 
Input data hold time (note 4) _ _ ns 


Input leakage current 
at V;} =O to 10 V _ 20 LA 


Input capacitance — 7 pF 


TTC; F6 (note 5) 

D.C. input voltage range — + 10,0 V 
A.C. input voltage (peak-to-peak value) — 7,0 V 
Input peaks relative to 50% duty cycle — 3,5 V 
TTC clock frequency 6,9375 | — MHz 
F6 clock frequency 6,0 — MHz 
Clock rise and fall times (note 3) — 80 — ns 


DEVELOPMENT DATA 


Input leakage current 
at V;=Oto 10 V = 20 pA 


Input capacitance — 7 pF 


vcs 

Input voltage LOW — 0.8 V 
Input voltage HIGH _- VppD V 
Input rise and fall times (note 3) — 500 ns 


Input leakage current 
at V; = 5,5 V — 10 pA 


Input capacitance — 7 pF 
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CHARACTERISTICS (continued) 


a 
SCL 


_ Input voltage LOW 
Input voltage HIGH 
SCL clock frequency 


Input rise and fall times (note 3) 


Input leakage current 
at Vy, =5,5 V 


Input capacitance 
INPUT/OUTPUTS (note 6) 


TCS (output)/SCS (input) 

Input voltage LOW 

Input voltage HIGH 

Input rise and fall times (note 3) 


Input leakage current 
at V} =O to 10 V 
and output in high impedance state 


Input capacitance 


Output voltage LOW 
at lop = 1,6 mA 


Output voltage HIGH 
at —IOH = 0,2 mA 
at IoH = 0,1 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 


SDA (note 7) 

Input voltage LOW 

Input voltage HIGH 

Input rise and fall times (note 3) 


Input leakage current 
at V; = 5,5 V with output off 


Input capacitance 


Output voltage LOW 
atlop =3mA 


Output fall time 
between 3,0 V and 1,0 V levels 


Load capacitance 
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INPUT/OUTPUTS (continued) 


DO-D7 (note 8) 
Input voltage LOW 
Input voltage HIGH 


Input leakage current 
at VV; =O V to5,5V 
and output in high impedance state 


Input capacitance 


Output voltage LOW 
at lop = 1,6 mA 


Output voltage HIGH 
at —loH = 0,2 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 
OUTPUTS (note 6) 


A0-A12: OE: WE (note 8) 


Output voltage LOW 
at lop = 1,6 mA 


Output voltage HIGH 
at —loH =0,2 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 


HOK (note 9) 


Output voltage LOW 
atlo_ = 1,6 mA 

Output voltage HIGH 
at —loyy = 0,2 mA 

Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance — 


SAND (note 9) 
Output voltage LOW 
at Io, =0,2 mA 


Output voltage INTERMEDIATE 
at lop =+ 30 yA 


SAA5240 
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CHARACTERISTICS (continued) 


SAND (continued) 


Output voltage HIGH 
at Ioy = 0 to —30 pA 


Output rise time Vo, to Vo] 
between 0,4 V and 1,1 V levels 


Output rise time Vo; to Voy 
between 2,9 V and 4,0 V levels 


Output fall time Voy to Vo, 
between 4,0 V and 0,4 V levels 


| Load capacitance 


R:G;B;COR; BLAN: Y (note 10) 
Output voltage LOW 
at lol =2mA 
Output voltage LOW 
atlop =5mA 


Pull-up voltage as seen at pin 


Output fall time with a load resistor 
of 1,2 k§2 to 6 V and measured between 
5,5 Vand1,5V 


Skew delay between outputs with a load 
resistor of 1,2 kQ to 6 V and measured 
on the falling edges at 3,5 V 


Load capacitance 


Output leakage current 
at Vpy = 0 to 6 V with output off 


TIMING 


1?C bus (note 11) 
Clock low period 


tLow 


Clock high period tHIGH 
Data set-up time tSU;: DAT 
— | Data hold time tHD: DAT 
Stop set-up time from clock high tsu: STO 
Start set-up time following a stop tBUF 
Start hold time tHD: STA 


Start set-up time following clock 
low to high transition 


tSu; STA | 


390 - February 1985 


DEVELOPMENT DATA 


European computer controlled teletext circuit 


SAA5240 


[pean driv 


TIMING (continued) 


Memory interface (note 12) 

Cycle time 

Address change to OE LOW 
Address active time 

OE pulse duration 

Access time from OE to data valid 


Data hold time from OE HIGH or 
address change 


Address change to WE LOW 
WE pulse duration 

Data set-up time to WE HIGH 
Data hold time from WE HIGH 


Write recovery time 


Notes to the characteristics 
1. All inputs are protected against static charge under normal handling. 


2. The TTD input incorporates an internal clamping diode in addition to the active clamping 


transistor (see Fig. 3). 
3. Rise and fall times between 10% and 90% levels. 


4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising 
edge of the teletext clock input (TTC). Data stable 1 > 2,0 V; data stable 0 <0,8 V (see Fig. 4). 


5. The TTC and F6 inputs have internal clamping diodes and are a.c. coupled (see Fig. 3). 


All outputs and input/outputs are protected against static charge under normal handling and 


connection to Vpp and Vss. 
7. For details of 1°C bus timing see Fig. 8. 

For details of RAM timing see Fig. 9. 
9. For details of synchronization and HOK timing see Fig. 5. 
10. For details of display output timing see Fig. 7. 


11. The !°C bus timings are referred to Vj} = 3 V and Vj, = 1,5 V. For waveforms see Fig. 8. 


12. The memory interface timings are referred to V); = 1,5 V. For waveforms see Fig. 9. 
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character display clock input 
to 


F6 
timing chain 


teletext clock input 
to 


TTC ee eee 
data acquisition circuit 


teletext data input 
to 
data acquisition circuit 


clamping pulses from timing circuit 

from time 4 us to 8us of each 

television !ine to maintain correct 

d.c. level following external a.c. coupling 


(a) 


Vv 
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duty cycle 
{ level 
Vi (p-p) 


shaded regions equal in area 
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(b) 


Fig. 3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters. 


392 August 1984 


European computer controlled teletext circuit SAA5240 


<————— try — > 
144ns typ 


TTC 


+ tos |< ton > 
40ns min 40ns min 80ns max 80ns max 


data may change data may change data may change 7291396 


Data stable: 1is2=2,0 V;0is<08 V. 


Fig. 4 Teletext data input timing. 
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Fig. 5 Synchronization and HOK timing. 
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y861L isniny 
a 


Fad | | | 


0 2,33 32 34,33 64 
a8 eee eens (i evra een! (0 

| | | | | 

0 27,33 32 59,33 64 


all timings in us 


TCS 
(interlaced ) 
| | | | | | | | | | | 
621 622 623 624 625 1 2 3 4 5 6 
(308) (309) (310) (311) (312) 
TCs 
(interlaced ) 
| | | | | | | | | | | 
309 310 311 312 313 314 315 316 317 318 319 
(1) (2) (3) (4) (5) (6) 
TCS 
(non- interlaced ) 
| | | | | | | | | | 
308 309 310 311 312 1 2 3 4 5 6 


numbers srown at end of line 


(equivalent count numbers in brackets ) 7291401 


Line sync pulses (LSP), equalizing pulses (EP) and broad pulses (BP) are combined to provide the text composite sync waveform (TCS) as shown. 
All timings measured from falling edge of LSP with a tolerance of + 100 ns. 


Fig.6 Composite sync waveforms. 
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Fig. 9 Memory interface timing (a) read (b) write. 
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APPLICATION INFORMATION (continued) 
EURO CCT page memory organization 


The organization of a page memory is shown in Fig. 11. The EURO CCT provides an additional row 
compared with first generation decoders bringing the display format up to 40 characters by 25 rows. 
Rows 0 to 23 form the teletext page as broadcast and row 24 is the extra row available for user- 
generated status messages. 


A MORE DETAILED DESCRIPTION OF CCT OPERATION AND APPLICATION IS AVAILABLE _ 
ON REQUEST. 


fixed character 


written by CCT hardware 8 characters 


7 characters alphanumerics white for normal always rolling 
for status alphanumerics green when looking (time) 
for display page —S ROW 
0 
1 
24 characters from page header 2 
rolling when display page looked for 3 

4 
| MAIN PAGE DISPLAY AREA : 

5 
| lb to 
| || 20 
| | 
| | 

21 

22 
23 
this row always free for status 24 
25 
10 bytes for 14 bytes 
received free for use #9971400 


page information by microcomputer 


Fig. 11 Page memory organization. 


Table 1 Row 25 received control data format 


Where 

MAG magazine | MU minutes units 

PU page units page number MT minutes tens 

PT page tens J HU hours units page sub-code 
PBLF page being looked for HT hours tens 

FOUND LOW for page has been found C4-C14 transmitted control bits 


HAM.ER Hamming error in corresponding byte 
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Row O 


Row 0 is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth 
is an alphanumeric white or green control character, written automatically by EURO CCT to give a 
green rolling header when a page is being looked for. The last eight characters are for rolling time. 


Row 25 


The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to 
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer. 


Register maps 


EURO CCT mode registers R1 to R11 are shown in Table 2. R1 to R10 are WRITE only; R11 is 
READ/WRITE. | 
Register map (R3), for page requests, is shown in detail in Table 3. 


Table 2 EURO CCT register map 


ACQ. 
8 BIT ON/OFF 


GHOST 


ROW R1 Mode 


<q ENABLE 

: ) 

A START START 7 ; 

COLUMN | COLUMN | COLUMN Bos UE eane? 

_ address 

z Sco 

Lu 

= PRDO R3 Page request data 

oO : 

_ R4 Display chapter 

x ) 

rf BKGND BKGND | COR COR TEXT ag _ Display control 

Q OUT IN OUT IN OUT ) (normal) 
BKGND BKGND | COR COR RG Display control 
OUT IN OUT IN ) (newsflash/subtitle) 


R7 Display mode 


STATUS SINGLE/ | BOX ON BOX ON | BOX ON 
ROW BOTTOM | DOUBLE |} 24 1-23 
BTM/TOP 


0 
ck ae a cae a 
ane ae Se a 
a eee co 
D7 D6 D5 D4 D3 D2 
(R/W) (R/W) (R/W) (R/W) (R/W) 


Co 
Notes to Table 2 


po 
(R/W) (R/W) (R/W) 
The arrows shown on the right of the register map indicate that the register auto-increments to the next 


— bit does not exist 
one on the following I?C transmission byte. TA and TB must be logic 0 for normal operation. 
All bits in registers R1 to R10 are cleared to logic 0 on power-up except bits DO and D1 of registers 
R5 and R6 which are set to logic 1. 
Ail memory is cieared to ‘space’ (00100000) on power-up, except row 0 column 7 chapter 0, which is 
‘alpha white’ (00000111) as the acquisition circuit is enabled but all pages are on hold. 


AO 
0 


R8 Active chapter 


Sci 
Al 
PON 
OUT 
PON 
OUT 
1 
R1 RY Active row 
1 
D1 


R10 Active column 


A 


Rk wR 


R11 Active data 
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APPLICATION INFORMATION (continued) 


Table 2 (continued) 
Where: 

R1 Mode 

TO, T1 

TCS ON 

DEW/FULL FIELD 

7 +P/8 BIT 

TA, TB 

R2 Page request address 
START COLUMN 
ACQ CCT 

BANK SELECT 

R3 Page request data 
R4 Display chapter 
R5, R6 Display control 
PON 

TEXT 


COR 
BKGND 


These functions have IN and OUT referring to inside and outside the boxing function respectively. 


R7 Display mode 
BOX ON 0 (1-23, 24) 


STATUS ROW BTM/TOP 


R8 to R11 


August 1984 


interlace/non interlace 312/313 line control 
text composite sync or direct sync select 
field-flyback or full channel mode 

7 bits with parity checking or 8-bit mode 


test bits; 0 for normal operation 


start column for page request data 

selects one of four acquisition circuits 

selects bank of four pages being addressed for acquisition 
see Table 3 

determines which of the 8 pages is displayed 

for normal and newsflash/subtitle 

picture on 

text on 


contrast reduction on 
background colour on 


boxing function allowed on row O (row 1-23, 24) 
row 25 displayed above or below the main text 


active chapter, row, column and data information written to or read 


from page memory via the I?C bus. 
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Table 3 Register map for page requests (R3) 


Start 

Column 

0 Do care 
Magazine 

1 Do care 
Page tens 

2 

3 Do care 
Hours tens 

4 Do care 
Hours units 

5 

6 Do care 
Minutes units MUs 

Notes to Table 3 


Abbreviations are as for Table 1 except for DO CARE bits. 

When the DO CARE bit is set to logic 1 this means the corresponding digit is to be taken into account 
for page requests. If the DO CARE bit is set to logic 0 the digit is ignored. This allows, for example, 
‘normal’ or ‘timed page’ selection. 

if HOLD is set LOW, the page is held and not updated. 

There are four groups of data shown in Table 3, one for each acquisition circuit (four simultaneous 
page requests). 

Columns auto-increment on successive |?C transmission bytes. 
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APPLICATION INFORMATION (continued) 


CHARACTER SETS 


The UK teletext specification allows the selection of national character sets via the page header 
transmission bits, C12 to C14 as shown in Table 4. The basic 96 character sets differ only in the 13 
national option characters as indicated in Tables 8 and 9 with reference to their table position in the 
basic character matrix shown in Table 7. EURO CCT automatically decodes control bits C12 to 

C14. Other combinations of C12 to C14 are defauited to SAA5240A (English); SAA5240B (German). 
With 8-bit decoding the character matrices are shown in Tables 5 and 6. 


Table 4 Selection of national character sets 


PHCB ENGLISH GERMAN SWEDISH ITALIAN 
C12 0 
1 
1 
Where: 


0 
C13 0 
0 
PHCB | page header control bits. 


FRENCH 


C14 


7291406 


alphanumerics and alphanumerics alphanumerics or alphanumerics 
graphics ‘space’ character blast- through character 
character 2/13 alphanumerics 7/15 
2/0 character 4/8 


contiguous separated separated contiguous 
graphics character graphics character graphics character graphics character 
7/6 7/6 7/15 7/15 


background display 
colour Pa = colour 


Fig. 12 Character format. 
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Table 5 Character data input decoding (SAA5240A) 


7 

numerics graphics 

black black 

alpha— 

numerics aes 

red 

alpha— 

ee Sar ea = == == Ca 
green green 

| a c ‘ 
numerics || 

yellow yellow 


alpha— 
numerics graphics 
magenta magenta 


alpha— 
numerics graphics 
eyan cyan 
al pha- graphi ics 


"Weaatiglios 
graphics 


DEVELOPMENT DATA 


ee 


ground 


double 
back— 
height | ground 


hold 
graphics 
ieee 


S35 
oo) 
= 


Bie 
S aN" raemt 
fel J. 


7Z91402 


* These control characters are reserved for compatibility with other data codes. 
** These control characters are presumed before each row begins. 
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APPLICATION INFORMATION (continued) 
Table 6 Character data input decoding (SAA5240B) 


B bg ———~> — ae 
Loy 
S b6—> 


b5—> 
t : ’ ‘ae 


a ha- 
0000 numerics @ephice 
black | black 
Ipha~ 
Ry ail graphics 
rad red 
alpha— i , 
ae SEG a == 
green green 
alpha— graphics c 
numerics 
yellow yellow 
alpha— : 
: graphics | (45 a Fa 
seo] = eee ore ees 
alpha— i 
numerics Pennies Ea a5 
magenta megane re 
alpha— ; 
numerics ous 
cyan da 
Ipha— hi 
alpha— | graphics 
0111 pumeriss white 
conceal 
"contiguous 


7Z91484 


* These control characters are reserved for compatibity with other data codes. 


** These control characters are presumed before each row begins. 
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Notes to Tables 5 and 6 


1. Control characters shown in columns O and 1 are normally displayed as spaces. 


2 
3 
4 
5 
6 
7 
8 


. Codes may be referred to by column and row. For example 2/5 refers to %. 

. Black represents displayed colour. White represents background. 

. Character rectangle shown as follows: (1 

. The SAA5240A national option characters are shown in Table 8. 

. The SAA5240B national option characters are shown in Table 9. 

. Characters 8/6, 8/7, 9/5, 9/6 and 9/7 are special characters to combine with character 8/5. 


. With bit 8 = 0 national option characters will be decoded according to the setting of control bits 
C12 to C14 (see Table 4). 


DEVELOPMENT DATA 
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APPLICATION INFORMATION (continued) 
Table 7 SAA5240 basic character matrix 


Where: NC national option character position. 


Cc 


a 
g 
] 
a 


5/12 


a 
Zz 
QO 


oO 
_— 
_ 
Ww 


2 

i?) 
aan 
nae 
a 


5/14 


a 
2 
oO 


5/15 


a 
z 
(2) 
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Table 8 SAA5240A character set (national option characters) 


ENGLISH 


2/3 2/4 4/0 5/11 5/12 5/13 5/14 
ae 
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7291403 
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APPLICATION INFORMATION (continued) 
Table 9 SAA5240B character set (national option characters) 
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ITALIAN 


7291404 


Purchase of Philips’ |2C components conveys a license under the 
Philips’ 12?C patent to use the components in the |?C-system provided 
the system conforms to the |?C specifications defined by Philips. 


DEVELOPMENT DATA 
This data sheet contains advance information and SAA5350 


specifications are subject to change without notice. 


SINGLE-CHIP COLOUR CRT CONTROLLER (EUROM) 


GENERAL DESCRIPTION 

The SAA5350 EUROM is a single-chip VLSI NMOS ert controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EUROM — the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 


Features 

@ Minimal additional hardware required 

® Screen formats of 40/80 character by 1-to-25 row display 

@ 512 alphanumeric or graphical characters on-chip or extendable off-chip 

@ Serial attribute storage (STACK) and parallel attribute storage 

@ Dynamically redefinable character (DRCS) capability over full field 

@ Interfaces with 8/16-bit microprocessors with optional direct memory access 

@ On-chip scroll map minimizes data to be transferred when scrolling 

@ On-chip colour map RAM (4096 locations) and three on-chip digital-to-analogue converters allow 


32 colours on-screen 


@ On-chip digital-to-analogue converters are non-linear to compensate for crt non-linearity 

@ Memory interface capable of supporting multi-page terminals. EUROM can access up to 128 Kbytes 
of display memory 

@ Programmable cursor 

@ Programmable local status row 

@ Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6 MHz crystal 
simple slave directly synchronized from the source of text composite sync 


phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 
with text overlay) 


@ On-chip timing composite sync output 


@ Zoom feature which allows the height of any group of rows to be increased to enhance legibility 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT-129). 
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Fig. 1 Block diagram. 
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PINNING 

1 TEST 

2 BUFEN 

3 RE 

4to19 A16toA1/ 
D15 to DO 

20 Vss 

21 REF 

22 B | 

23 G 

24 rR 

25 VDS 

26 OD 

27 CLKO 

28 SAND 

29 F1/6 

30 F6 

31 VCS/OSCO 

32 TCS 

33 FS/DDA 

34 DS 

35 LD 

36 DTACK 

37 BR 

38 AS 

39 R/W (S/R) 

40 Vpp 


Input to be connected to Vgc. 
Buffer enable input to the 8-bit link-through buffer. 


Register enable input. This enables A1 to A6 and UDS as inputs, and D8 to 
D15 as input/outputs. 


Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. 


Ground (0 V). 
Analogue reference input. 


Analogue outputs (signals are gamma-corrected). 


Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter- 
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 


Output disable causing R, G, B and VDS outputs to go to high-impedance 
state. Can be used at dot-rate. 


12 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). 


Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 


1 MHz or 6 MHz output. 
6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 


Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 


Text composite sync input/output depending on master/slave status. 


Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 


Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 
Bus request to microprocessor (open drain output). 
Address strobe output to external address latches. 


Read/write input/output. Also serves as send/receive for the link-through 
buffer. 


Positive supply voltage (+ 5 V). 
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PINNING (continued) 


[40] Yop 
R/W (S/R) 
AS 
BR 
DTACK 
LDS 
UDS 
FS/DDA 
TCS 
VCS/OSCO 
SAA5350 aes 
F1/6 
/28] SAND 
|27] CLKO 
OD 
|25| VDS 
124] R 
G 
B 
/21| REF 
7280578 
Fig. 2 Pinning diagram. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pin 40) Vpp —0,3to+7,5 V 
Maximum input voltage (except F6, TCS, REF) V imax —0,3to+7,5 V 
Maximum input voltage (F6, TCS) Vimax —0,3 to+ 10,0 V 
Maximum input voltage (REF) VREF —0,3 to+3,0 V 
Maximum output voltage Vomax —0,3to+7,5 V 
Maximum output current lomax 10 mA 
Operating ambient temperature range Tamb —20 to +70 °C 
Storage temperature range Tstg —55 to+ 125 °C 


Outputs other than CLKO, OSCO, R, G, B, and VDS are short-circuit protected. 
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CHARACTERISTICS 
Vpp = 5 V £ 10%; Vss = 0 V; Tamb = —20 to + 70 °C; unless otherwise specified 


[momen emi [on [om Jom [om 


SUPPLY 
Supply voltage (pin 40) 


Supply current (pin 40) 


INPUTS 
F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) 


Input peaks relative to 
50% duty factor 


Input leakage current at 
V, =O to 10 V; Tamb = 25 PC 


Input capacitance 


Stand-alone mode (Fig. 4) 


Series capacitance of crystal 


Parallel capacitance of crystal 


Resonance resistance of crystal 


Gain of circuit 


DEVELOPMENT DATA 


BUFEN, RE, OD 
Input voltage LOW 
Input voltage HIGH 


Input current at 
V, = 0 to Vppt 0,3 V; Tamb = 25 OC 


Input capacitance 


REF (Fig. 5) 
Input voltage 


Resistance (pin 21 to pin 20) with 
REF supply and R, G, B outputs OFF 
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CHARACTERISTICS (continued) 


oe 


OUTPUTS 
SAND 
Output voltage high level at 

Io = 0 to—-30 yA VOH 
Output voltage intermediate level at 

lo = —30 to + 30 vA Vo! 
Output voltage low level at 

lo = 0,2 mA VOL 
Load capacitance CL 
F1/6, CLKO, DDA/FS 
Output voltage HIGH at : 

1OH = —200 vA VOH 
Output voltage LOW at Io, = 3,2 mA VOL 
Load capacitance CL 
LDS, AS 
Output voltage HIGH at 

IOH = —200 pA VOH 
Output voltage LOW at Io, = 3,2 mA VOL 
Load capacitance Cy 


DTACK, BR (open drain outputs) 


Output voltage LOW at Io, = 3,2 mA VOL 
_ Load capacitance Cy 
Capacitance (OFF state) CoFF 


R, G, B (note 2) 
Output voltage HIGH (note 3) at 


lIOH = —100 vA; VREF = 2,7 V | Vou 
Output voltage LOW at Io, = 2mA VOL 
Output resistance during line blanking RoOBL 
Output capacitance (OFF state) CoFF 


Output leakage current (OFF state) 
at Vj =O to Vppt+ 0,3 V; 
Tamb = 25 °C lOFF 
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VDS 

Output voltage HIGH at IQ, = —250 vA 
Output voltage LOW at Io, =2mA 
Output voltage LOW at Io, =1mMA 


Output leakage current (OFF state) 
at Vj =O to Vpp+ 0,3 V; 
Tamb = 25 °C 


INPUT/OUTPUTS 
VCS/OSCO 

Input voltage HIGH 
Input voltage LOW 


Input current (output OFF) at 
V, =O to Vppt+0,3 V; 
Tamb = 25 °C 


Input capacitance 


TCS 
Input voltage HIGH 
Input voltage LOW 


Input current at 
V,; =Oto Vppt0,3 V; 
Tamb = 25 °C 

Input capacitance 


Output voltage HIGH at 
lOH = —200 to 100 pA 


Output voltage LOW at Vo, = 3,2 mA 


Load capacitance 


DEVELOPMENT DATA 


A1/D0 to A16/D15, UDS, R/W 
Input voltage LOW 


Input voltage HIGH 


Input current at 
V, = 0 to Vppt+0,3 V; 
Tamb = 25 °C 
Input capacitance 
Output voltage HIGH at IQy = —200 vA 
Output voltage LOW at Io, = 3,2 mA 


Load capacitance 
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CHARACTERISTICS (continued) 


parameter 


TIMING 

F6 (Fig. 3) 

Rise and fall times 
Frequency 


CLKO, F1/6, R, G, B, VDS, 
FS/DDA, OD (notes 4, 5 and Fig. 6) 


CLKO HIGH time 
CLKO LOW time 


CLKO rise and fall times 


CLKO HIGH to R, G, B, VDS change 
R, G, B, VDS valid to CLKO rise 
CLKO HIGH to R, G, B, VDS valid 


CLKO HIGH to R, G, B, VDS floating 
after OD fall 


Skew between outputs R, G, B, VDS 
R, G, B, VDS rise and fall times 


CLKO HIGH to R, G, B, VDS active 
after OD rise 


CLKO HIGH to FS/DDA change 
FS/DDA valid to CLKO rise 

F1 HIGH time (note 6) 

F1 LOW time (note 6) 

F6 HIGH time 

F6 LOW time 

OD to CLKO rise set-up 

OD to CLKO HIGH hold 


MEMORY ACCESS TIMING 
(notes 7, 8, 9 and Fig. 7) 
UDS, LDS, AS 

Cycle time 


UDS HIGH to bus-active for address output 


Address valid set-up to AS fall 
Address valid hold from AS LOW 
Address float to UDS fall 
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tCLKH 
tCLKL 


tCLKr 
tCLKf 


tVCH 
tvoc 
tcov 


tFOD 
tvs 
tyr, tv f 


taoD 
tcoD 
tpoc 
tF1H 
tFIL 
tF6H 
tF6L 
tops 
tODH 


ns 


ns 


| ns 


ns 


ns 


Single-chip crt controller (EUROM) SAA5350 


AS LOW to UDS fall delay 


UDS, LDS HIGH time 
UDS, LDS LOW time 
H 


AS LOW to UDS HIGH 

Data valid set-up to UDS rise 
Data valid hold from UDS HIGH 
UDS HIGH to AS rise delay 

AS LOW to data valid 


Link-through buffers 

(notes 7, 8 and Fig. 8) 

BUFEN LOW to output valid 
Link-through delay time 

Input data float prior to direction change 
Output float after direction change 
Output float after BUFEN HIGH 


Microprocessor READ from EUROM 
(Fig. 9) 
R/W HIGH set-up to UDS fall 
UDS LOW to returned-data access time 
RE LOW to returned data access time 
Data valid to DTACK LOW delay 
DTACK LOW to UDS rise 
UDS HIGH to DTACK rise 

DS HIGH to address hold 
UDS HIGH to data hold 
UDS HIGH to RE rise 
UDS HIGH to R/W fall 
UDS LOW to DTACK LOW 
Address valid to UDS fall 
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CHARACTERISTICS (continued) 


Coomera ri [vm [ome [om 


MEMORY ACCESS TIMING (continued) 
Microprocessor WRITE to EUROM (Fig. 10) 
Write cycle time (note 10) 

R/W LOW set-up to UDS§ fall 

RE LOW to UDS fall 

Address valid to UDS fall 

UDS LOW time 

Data valid to UDS rise 

UDS LOW to DTACK LOW 

DTACK LOW to UDS rise 

UDS HIGH to DTACK rise 

DS HIGH to data hold 

DS HIGH to address hold 


S HIGH to RE rise 
DS HIGH to R/W rise 


5| 5 


|e 


ae 


F1/6 to memory access cycle (Fig. 11) 
UDS HIGH to F6 (component of F 1/6) rise 
F6 (component of F1/6) HIGH to UDS rise 


SYNCHRONIZATION and BLANKING 
TCS, SAND, FS/DDA 


See Fig. 12 for timing relationships 
and Fig. 13 for vertical syne and 
blanking waveforms. 


Notes to the characteristics 


1 
2. 
3. 
4. CLKO, R, G, B, F1/6, VDS: C, = 25 pF 


Pin 30 must be biased externally as it is internally a.c. coupled. 
16-level analogue voltage outputs. 
Output voltage guaranteed when programmed for top level. 


FS/DDA: C, = 50 pF 

CLKO, F1/6, VDS, FS/DDA: reference levels = 0,8 to 2,0 V 

R, G, B: reference levels = 0,8 to 2,0 V with Vpgcrg = 2,7 V 7 

These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 

C; = 150 pF. 

Reference levels = 0,8 to 2,0 V. 

F6 input at 6 MHz. 


0. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 


being generated, the precise timing of DTACK will then depend on the internal synchronization 
time. 
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(1) Catalogue number of crystal: 4322 143 04101 


Fig. 4(a) Oscillator circuit for SAA5350 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 
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Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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Fig. 6 Video timing. 
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Fig. 7 Memory access timing. 
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Fig. 8 Timing of link-through buffers. 
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Fig. 9 Timing of microprocessor read from EUROM. 
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Fig. 11 Timing of F1/6 to memory access cycle. 


422 December 1984: | . 


O 
® 
° 
© 
3 
oe 
@ 
“ 
ob 
© 
© 
B 


cp 


DEVELOPMENT DATA 


TCS a a ie 
(line sync component) 


OV 
5V 


SAND 
(sandcastle output 


including phase lock) 2V 


OV 
SAND a 
(sandcastle output 
without phase lock) 


2V 


OV 


FS/DDA 


pee 2V 
(DDA shown) 


OV 


Ous 15us 4,75 us 85s 16,5 ys 33,5 us 56,5 us 64 us 7Z80588 


Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume frg = 6 MHz. 
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Fig. 13 Vertical synchronization and blanking waveforms; separation 
of broad pulses = 4,75 us; equalizing pulse widths = 2,25 us. 
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APPLICATION INFORMATION 


More detailed application information is available on request 
BASIC VIDEOTEX DECODER CONFIGURATION 


A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 
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8 EUROM 


SAA5350 


RAM 2K 16 


CONTROL LOGIC | 


7295256 


Fig. 14 Basic videotex decoder configuration. 


Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dua! row buffer is used for display. 
The row buffers exchange functions on alternate rows — each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 


The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing DRCS characters. 


Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 

per row. EUROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha- 


numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. 


The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. 
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APPLICATION INFORMATION (continued) 
Character generation 


EUROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. 
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Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 
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APPLICATION INFORMATION (continued) 
Character generation (continued) 


The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table 0 is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 


The four tables stored in the external RAM (Tables 4 to 7) are used for DRCS. 


Scroll map 


The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
jt maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This. 
allows scrolling without the need for data transfer to, or from, side storage. | 

Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 


Colour map and digital-to-analogue converters 


The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con- 
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 


Cursor 


The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 


NON-VIDEOTEX APPLICATIONS 
For non-Videotex applications, the device will also support the following operating modes: 


Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 


80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 


Full field DRCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available DRCS memory is expanded so that the whole screen can be covered, 
thus enabling a ‘bit map’. All ROM-based characters and all display attributes remain available. 


MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

@ EUROM fetches data from the display memory 

@ The microprocessor reads from, or writes to, EUROM’s internal register map 


@ The microprocessor accesses the display memory 
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EUROM access to display memory (Figs 17 and 18) 


EUROM accesses the external display memory viaa 16-bit multiplexed address and data bus withacycle 
time of 500 ns. The address strobe (AS) signal from EU ROM flags the bus cycle and writes the address 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper + lower = 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and LDS) which are always asserted together to fetch a 16-bit word. The 
read/write control R/W is included although EUROM only reads from the display memory. 


R 
EUROM G 
SAA5350 ag 
A16 to AQ A8 to Al TCS 
D15 to D8 D7 to DO 
g R/W LDS 
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rf 8 
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= 
QO. 
Oo 
aT DISPLAY MEMORY 7295258 
if 
Q (1) 74LS373 octal transparent latch (3-state) 


Fig. 17 Simple RAM interface circuit for display memory access. 


7Z95257 


Fig. 18 Bus timing for display memory access. 
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APPLICATION INFORMATION (continued) 
EUROM access to display memory (continued) 


The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain — there are no odd-numbered word 


addresses. 
D15 to D8 D7 to DO 
WORD 0 
BYTE O | BYTE 1 
| 
WORD 2 
BYTE 2 ! BYTE 3 


WORD 4 
BYTE 4 | BYTE 5 
] 


WORD 1FFFE 
BYTE 1FFFE BYTE 1FFFF 


7Z95251 


Fig. 19 Display memory word/byte organization. 


Warning time 


As EUROM isa real-time display device, it must have direct access to the display memory with 

priority over the microprocessor and other peripheral devices. This is achieved by EUROM issuing a bus 
request (BR) signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 


In systems where the buses of the microprocessor and EUROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EUROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM’s bus activity is programmable to be between 
0 and 23 us. 
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Microprocessor access to register map 


EUROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DTACK) indicates to the microprocessor that the 
data transfer is complete. 


EUROM 
SAA5350 


REGISTER 


RE UDS A16 to AQ R/W A6toA1  DTACK 
D15 to D8 D5 to DO 


7296262 © 


Fig. 20 Microprocessor access to register map. 


The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor’s low-order address is passed to EUROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 


The buffers ‘244 and ‘245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EUROM as an address. Here it will generally be necessary for the micro- 
processor to hold a (readable) ‘master copy’ of EUROM'’s scroll map contents at a location in its main 
memory. 
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8-bit microprocessors 


Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EUROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM’s on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BUFEN, and the send/receive direction is controlled by the 
signal S/R. 


The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BUFEN (enables when HIGH). 
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APPLICATION INFORMATION (continued) 
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(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 

(3) 74LS245 octal bus transceiver (3-state) 
(4) SCN68000 microprocessor unit 


Fig. 21 Connected 16-bit microprocessor system. 
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(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 


Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 

Disconnected systems 

For many applications it may be desirable to disconnect EUROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 


The two parts of the system then operate independently and communicate only when the micro- 
processor accesses EUROM’s register map or the display memory. 


R 

ares REGISTER | address 
- i : 
data B 


meee cones GS Sums etm femS meee ETA Seem: on wenn one ome em Fe qm cm mm em tee 


data bus 


address bus Lt 


(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 


7295261 


Fig. 23 Disconnected 8-bit system. 
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Synchronization 


Stand-alone mode 


As a stand-alone device (e.g. in terminal applications) EUROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 


VCS/OSCO 


R,G,B 


EUROM 
SAA5350 


TCS 
to timebase 


7Z95254.1 


Fig. 24 Stand-alone synchronization mode. 


Simple-slave 


In the simple-slave mode EUROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EUROM as 
shown in Fig. 25. EUROM’s horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 

Field synchronization is made using EUROM's internal field sync separator. 


DEVELOPMENT DATA 
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Tcs 7295255 
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Fig. 25 Simple-slave (direct sync) mode. 
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APPLICATION INFORMATION (continued) 
Synchronization (continued) 
Phase-locked slave 


The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked VCO in the SAA5230 
teletext video processor provides sync to the timebases. When EUROM is active, its horizontal counter 
forms part of the phase control loop — a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM’s 
field sync separator via the VCS input. In the phase-locked slave mode, the display derived from EUROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 
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ves 
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sync 
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Fig. 26 Phase-locked slave (indirect sync) mode. 
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SENSITIVE 1 GHz DIVIDER-BY-64 


This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier, 
a divide-by-64 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 

voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C. It features a high sensitivity and low 


harmonic contents of the output signal. 


Fig. 1 Block diagram. CTR6 = 6 binary dividers = (+ 64). 


QUICK REFERENCE DATA 


Supply voltage (pin 8) 

Input frequency range (pins 2 and 3) 
Output voltage swing (pins 6 and 7) 
Supply current; unloaded (pin 8) 
Operating ambient temperature 


PACKAGE OUTLINES 


SAB1164P: 8-lead DIL; plastic (SOT-97A). 
SAB1165P: 8-lead DIL; plastic (SOT-97A). 


Vcc 5+ 10% V 

fj 70 to 1000 MHz 
Vo(p-p) typ. 1V 
Icc typ. 42 mA 
Tamb Oto+70 °C 
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oe PINNING 
ic. [1 rs] Voc Vcc positive supply 
c1 [a] : a, VEE OV; ground 


Cy, Co differential inputs 
Qn, OL complementary outputs 


Vv Vv - 
ee [4 [5] Ver iC. * internally connected 
~-7287384.1 


Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 


The circuit contains an amplifier, a divide-by-64 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C. 


The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unused input should be connected to ground via a capacitor. 


The first divider stage will oscillate in the-absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 


The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally'to reduce the harmonic contents of the signal. 


Wide, low-impedance ground connections and a short capacitive bypass from the Vcc pin to ground 
are recommended. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) Vcc max. 7 V 
Input voltage Vj OtoVcc V 
Storage temperature | Tstg —55 to+ 125 9C 
Junction temperature Tj max. 125 °C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 120 K/W 


D.C. CHARACTERISTICS 
Veg = 0 V (ground); Vcc = 5 V; Tamb = 25 OC unless otherwise specified. 


The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 


Output voltage 


HIGH level VOH max. Veco V 
LOW level VOL max. Vec-08 V 
typ. 42 mA 
Supply current | Icc see 50 mA 


November 1983 


SAB1164 
SABTI65 


Sensitive 1 GHz divider-by-64 


A.C. CHARACTERISTICS 
Veg =0 V (ground); Vcc = 5 V + 10%; Tampb = 0 to + 70 9C. 
Input voltage r.m.s. value (see Fig. 4) 


input frequency 70 MHz Vi(rms) 
150 MHz 
300 MHz 
500 MHz 
900 MHz 
1 GHz 
Input overload voltage r.m.s. value 
input frequency range 70 MHz up to 1 GHz Vi(rms) 
Output voltage swing Vo(p-p) 
Output resistance 
SAB1164 Ro 
SAB1165 Ro 
Output unbalance AVo 
Output rise time* 
fj = 1 GHz tTLH 
Output fall time* 
f, = 1 GHz tTHL 


v.h.f. /u.h.f. Vv 
sinewave i EY 
generator 

to 
oscilloscope 
502 
7287385 


Fig. 3 Test circuit for defining input voltage. 


— Cables must be 50 2 coaxial. 

— The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

— All connections to the device and to the meter must be kept short and of approximately equal lengths. 
— Hybrid junction is ANZAC H-183-4 or similar. 


* Between 10% and 90% of observed waveform. 
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Fig. 4 Typical sensitivity curve under nominal conditions. 
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5 V; reference value = 50 Q. 


Fig. 5 Smith chart of typical input impedance. 


Vi(rms) = 25 mV; Vcc 
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Sensitive 1 GHz divider-by-64 
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Fig. 6 Input stage. 
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Fig. 7 Output stage. Vcc =5V. 


~ SAB1I164: R1=R2=1kQ:1=1mA 
~ SAB1165: R1=R2=05kQ2:1=2mA. 


APPLICATION INFORMATION 


u.h.f. to tuning 
“4 system 
(twisted leads) 
7287389 


Fig. 8 Circuit diagram. Application in a television tuning system. 
The output peak-to-peak voltage is about 1 V. 


November 1983 441 


SAB1256 


SENSITIVE 1 GHz DIVIDER-BY-256 


This silicon monolithic integrated circuit is a prescaler in current-mode logic. !t contains an amplifier, 

a divide-by-256 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 
voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C. It features a high sensitivity and low 
harmonic contents of the output signal. 


SAB 1256 


7287383 


Fig. 1 Block diagram. CTR8 = 8 binary dividers = (+ 256). 


QUICK REFERENCE DATA 


Supply voltage (pin 8) Vcc 5+10% V 
Input frequency range (pins 2 and 3) fj 70 to 1000 MHz 
Output voltage swing (pins 6 and 7) Vo(p-p) _tyP. 1V 
Supply current, unloaded (pin 8) Ice typ. 47 mA 


Operating ambient temperature Tamb Oto+70 °C 


PACKAGE OUTLINE 
SAB1256P: 8-lead DIL; plastic (SOT-97A). 
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PINNING 
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V 0 V; ground 
€ y EE ' 
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— 
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Vee [4 [5 | Vee 
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Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 


The circuit contains an amplifier, a divide-by-256 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C. 


The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unused input should be connected to ground via a capacitor. 


The first divider stage will oscillate in the absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 


The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally to reduce the harmonic contents of the signal. 


Wide, low-impedance ground connections and a short capacitive bypass from the Vcc pin to ground 
are recommended. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) | Vcc max. 7V 
Input voltage Vj OtoVcc V 
Storage temperature Tstg —55 to+ 125 °C 
Junction temperature Tj max. 125 °C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 120 K/W 
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Sensitive 1 GHz divider-by-256 SAB1256 


D.C. CHARACTERISTICS 
Vege =0 V (ground); Vcc = 5 V; Tamb = 25 OC unless otherwise specified. 


The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 


Output voltage 


HIGH level VOH max. Vec V 
LOW level VOL max. Vec-0,8 V 
typ. 47 mA 
Supply current Icc a 55 mA 


A.C. CHARACTERISTICS 
VEE = 0 V (ground); Vcc = 5 V + 10%; Tamb = 0 to + 70 OC. 


Input voltage r.m.s. value (see Fig. 4) 
input frequency 70 MHz 
150 MHz 
300 MHz 
500 MHz 
900 MHz 
1 GHz 


Input overload voltage r.m.s. value 
input frequency range 70 MHz to 1 GHz 


Output voltage swing 
Output resistance 
Output unbalance 


Output rise time* 


f; = 1 GHz 
Output fall time 
f; = 1 GHz 


* Between 10% and 90% of observed waveform. 
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hybrid junction 


v.h.f. /u.h.f. Vv 
sinewave cc 
generator (+5V) 

to 
oscilloscope 
502 
Veg =OV 


7287385 


Fig. 3 Test circuit for defining input voltage. 


— Cables must be 50 2 coaxial. 

— The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

— All connections to the device and to the meter must be kept short and of approximately equal lengths. 
— Hybrid junction is ANZAC H-183-4 or similar. 
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Fig. 4 Typical sensitivity curve under nominal conditions. 


446 August 1983 


Sensitive 1 GHz divider-by-256 SAB1256 
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Fig. 5 Smith chart of typical input impedance. 
Vi(rms) = 25 mV; Vcc = 5 V; reference value = 50 2. 
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SAB1256 


to 


dividers 
2kQ 
differential 
inputs 
7287386 
7Z87388 
Fig. 6 Input stage. : Fig. 7 Output stage. 


Vec=5V;l=1mMA. 


APPLICATION INFORMATION 


v.h. Ff. 
u.h.f. to tuning 
“4 system 
(twisted leads) 
7287389 


Fig. 8 Circuit diagram. 


Application in a television tuning system. The output peak-to-peak voltage is about 1 V. 


August 1983 


SAB3013 


6-FUNCTION ANALOGUE MEMORY; MICROCOMPUTER CONTROLLED 


The SAB3013 is a MOS N-channel integrated circuit which provides 6 analogue memories cor:trolled 


by a microcomputer. 


Features 


@ 6-function analogue memory; D/A converter with 6-bit resolution. 
@ The output of the analogue values is pulse-width modulated with adjustable repetition rate 


(max. 21,8 kHz). 


@ Microcomputer-adapted asynchronous serial interface for data input (CBUS). 


@ Parallel operation of up to four SAB3013 circuits is possible. 


QUICK REFERENCE DATA 


Supply voltage 


Operating ambient temperature range 


Se A EE ES RO EE EE EE SY RR NS LE A A SO SD ED SI SE LS HE LE ES LE NS A SE EE TN I NT SE NY ee 


Clock frequency 


Supply current; Vpp = 5 V; Iq = 0; Tamb = 25 OC 


SAB3013 


6 


DLEN 
CLB 


DATA 


SAA 
& 
SAB 


CONTROL 


CLK 
OSC CL/CLN 


CLO 
REFERENCE 
COUNTER 


reset 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 


SELECTION (LOAD DATA) 


AZ 
DATA LATCH 
2 


DATA LATCH 
3 


DATA LATCH 
; 4 
DATA LATCH 
5 
5, 
DATA LATCH 


6 


reset 


Fig. 1 Block diagram. 


DATA LATCH COMPARATOR 
1 1 


ft 


COMPARATOR 
2 


COMPARATOR 
3 


f 


COMPARATOR 
4 


(i 


COMPARATOR 
5 
rf 
COMPARATOR 
6 


typ. 5 V 
Oto +70 °C 
< 1,4 MHz 
typ. 15 mA 


OUTPUT 
5 


: OUTPUT 
6 


reference for 
comparators 


72Z79614.2 
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ANAL1 


ANAL2 


ANAL3 


ANAL4 


ANALS5 


ANAL6 
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12 ANAL5 
7279611.1 11. ANAL6 


PINNING 
ANAL1 1. VSS ground (0 V) 
9 VppD positive supply 
ANAL2 4 CLB asynchronous clock pulse 
| 5 DATA data input . CBUS 
ANAL3 6 DLEN data line enable input J 
ANAL4 7 SAA , 
: address inputs 
SAB3013 8 SAB i 
ANALS5 
2 OSC oscillator output 
ANAL6 3 CLK oscillator input (Schmitt-trigger) 
16 ANAL1 
CLO 15 ANAL2 
14 ANALS3 
Vpp 13. ANAL4 analogue outputs 


Fig.2 Pinning diagram. 10 CLO buffered oscillator output 


GENERAL DESCRIPTION 


The SAB3013 is designed to deliver analogue values in microcomputer-controlled television receivers 
and radio receivers. The circuit comprises an analogue memory and D/A converter for 6 analogue 
functions with a 6-bit resolution for each. The information for the analogue memory is transfered by 
the microcomputer via an asynchronous serial data bus. 

The SAB3013 accomplishes a word format recognition, so it is able to operate one common data bus 
together with circuits having different word formats. 

The data word of the microcomputer used for the SAB3013 consists of information for addressing the 
appropriate SAB3013 circuit (2-bits), for addressing the analogue memories concerned (3-bits) and 
processing of the wanted analogue value (6-bits). The address of the circuit is externally programmable 
via two inputs. It is possible to address up to four SAB3013 circuits via one common bus. 

The built-in oscillator can be used for a frequency between 30 kHz and 1,4 MHz. The analogue values 
are generated as a pulse pattern with a repetition rate of fc, /64 (max. 21,8 kHz at fo K = 1,4 MHz), 
and the analogue values are determined by the ratio of the HIGH-time and the cycle time. A d.c. 
voltage proportional to the analogue value is obtained by means of an external integration network 
(low-pass filter). 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 
MOS Devices’). 
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6-function analogue memory; microcomputer controlled 


RATINGS 

Limiting values in accordance to the Absolute Maximum System (IEC 134) 
Supply voltage range VoD 
Input voltage range V\ 
Input current +1 
Output voltage (open drain outputs) Vo 
Output current (open drain/push-pull outputs) t1o 
Power dissipation per output Po 
Total power dissipation per package Prot 
Operating ambient temperature range . Tamb 
Storage temperature range Tstg 


SAB3013 


—0,3to+7,5 V 
—0,3to+15 V 
max. 100 wA 

Vss to 15 V 
max. 10 mA 
max. 25 mW 
max. 250 mW 

Oto+70 °C 
—20 to+125 9C 
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CHARACTERISTICS 
Vss = 0; Tamb = O to + 70 °C; Vpp = 4,5 to 5,5 V; unless otherwise specified 


Supply voltage 
Supply current 


Inputs DATA, CLB, 
DLEN, SAA, SAB 
Input voltage LOW 


Input voltage HIGH 


Input leakage current V; = —0,3 to+12 V 


Outputs ANAL1 to 
ANAL6 
(open drain) 
Output voltage LOW 


Output leakage current 


lo=6mA 
VoH= 15V* 


Load capacitance 


Input CLK 
Input voltage LOW 


Input voltage HIGH 


Input leakage current V,;=—0,3 to 12 V 
Pulse duration HIGH 


Pulse duration LOW 


Output CLO 
Output voltage LOW 


Output voltage HIGH 


Io S00uA 
—Ig = 100 uA 


Inputs DATA, CLB 
Pulse duration HIGH 


Pulse duration LOW 
Input frequency CLB 


see Fig. 3 


Internal oscillator 
CLK/OSC 
External resistor 


External capacitor 


Clock frequency R =27kQ;C = 27 pF 


Frequency for 
external oscillator 


> * For correct operation: VOHmin = 3 V- 
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6-function analogue memory; microcomputer controlled SAB3013 


CHARACTERISTICS (continued) 
Vss = 0; Tamb = 0 to + 70 °C; Vpp = 4,5 to 5,5 V; unless otherwise specified 


Timing (see Fig. 3) 
Data set-up time 
DATA —®* CLB 


Data hold time 
DATA —®» CLB 


Enable set-up time 


measured with a 
voltage swing of 


DLEN —» CLB min. Vin—-VIL 
Disable set-up time 
CLB —» DLEN 
Set-up time 
DLEN —® CLB (load pulse) tsy| p 
Ve 90% “190% 
DLEN 
10% 
ViL - 
V panes 
IH 90% 
CLB 
10% 10% 10% 10% 
ViL === | 
—r| |<«—t, —~| |~=— ty i 
V Seas 
1H \ fo0% | 
DATA ) 
10% 
Vip Simi 
_—_—_ —-_ mere —— ~¢ > —_? > 
tSUEN SUDA (,| |4—tuppa tsub! ~=tsuLbD 
<—_—— twH ae <¢———— tw —_ 
ENABLE DATA DATA DISABLE LOAD 
7284541.1 


Fig. 3 CBUS timing. 
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OPERATION DESCRIPTION 


The data input is achieved serially via the inputs DATA, DLEN and CLB. Clock pulses have to be 
applied at input CLB for data processing at input DATA. Data processing is only possible when 
DLEN = HIGH. The data from the data buffer is loaded directly into the output latch on receipt of 
a load pulse at input CLB (DLEN = LOW), provided the following conditions are met: 


@ 12 clock pulses must be received at input CLB (word format control) during transmission (DLEN = 
HIGH). 

@ The start-bit must be LOW. 

@ The system address bits must be A = SAA and B = SAB. 

@ The analogue address must be valid. 


The data word for the SAB3013 consists of the following bits (see Fig. 4): 


1 start-bit 

2 system address bits (A and B) 

3 address bits for selection of the required analogue memory 
6 data bits for processing the analogue value 


DLEN 4 ae ep eee sl 
L 


got pulse 
CLB H 
L . 
| t>0 | — lee t>0 
4 start 
DATA 4 hit | 
A B |LSB MSB| LSB MSB 
system memory | 
address address sean ue alee 7279613.1 


Fig. 4 Waveforms showing a CBUS transmission. 


ADDRESS inputs (SAA, SAB) 


The address of the SAB3013 is programmed at the inputs SAA and SAB. These inputs must be 
defined and not left open-circuit. 


Reset 

The circuit generates internally a reset-cycle with a duration of one clock cycle after switching on the 
supply. If a spike on the supply is likely to destroy data, a reset signal will be generated. All analogue 
memories are set to 50% (analogue value 32/64) after the reset cycle. The supply voltage rise dVpp/dt 
must be max. 0,5 V/us and min. 0,2 V/us. 
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6-function analogue memory; microcomputer controlled | SAB3013 


Oscillator inputs (CLK, OSC) 


The oscillator frequency is determined by the external circuitry connected to the terminals CLK and 
OSC as shown in Fig. 5. Instead of this circuitry an externally generated oscillator signal can be con- 
nected to input CLK. 


At output CLO a buffered oscillator signal is 


available for control of other circuits. 


For fcLK = 0,7 to 1,4 MHz; 
R = 27 kQl; C = 27 pF. 


C 
a 7279612.1 


Fig. 5 Application advice for the oscillator. 


Analogue outputs (ANAL1 to ANALG) 


The analogue values are generated as a pulse pattern with a repetition rate of fc, «/64 at the outputs 
ANAL1 to ANALG6. The analogue value is determined by the ratio of the HIGH-time and the cycle 
time (values between 1/64 and 64/64 can be obtained). 


Table 1 Addressing of the analogue data registers 


Rc : 


RA 

LSB 
0 0 0 not valid 
1 0 0 ANAL1 
0 1 0 ANAL2 
1 1 0 ANAL3 
0 0 1 ANAL4 
1 0 1 ANAL5 
0 1 1 ANAL6 
1 1 1 not valid 


Table 2 Correlation of analogue value to analogue output signal 


binary input data duty cycle 
LSB NDE 10 Tig 


0 0 0 0 0 0 
1 0 0 0 0 0 62/64 2/64 
0 1 1 1 1 1 1/64 63/64 


0 64/64 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAB3034 


specifications are subject to change without notice. 


ANALOGUE AND TUNING CIRCUIT (A & T) 


The SAB3034 is a MOS N-channel analogue and tuning (A & T) integrated circuit which provides closed 
loop digital tuning and control of up to six analogue functions. The IC is used in combination with a 
microcomputer. 


Features 


@ Tuning by comparison of the required frequency with the actual value; digital tuning windows 
selectable: 250 kHz to 500 kHz. 

Tuning with a.f.c.: holding range selectable from 1 MHz to 1,5 MHz. 

4 MHz quartz crystal oscillator or a 400 kHz synchronization from the microcomputer. 

Four tuning pulse widths selectable, so the characteristics of various tuners can be accommodated. 
Simple tuning interface. 

Digital output signal for correct tuning. 

Six 63-step digital to analogue converters. 

CBUS interface for 12-bit data words. 


QUICK REFERENCE DATA 


Supply voltage VoD typ. 5 V 

Operating ambient temperature range Tamb Oto+70 °C 

Supply current IpDp typ. 18 mA 
400 kHz from Vop 


microcomputer 


CLI 3 
FUP 
INTERNAL 
| a OSCILLATOR 
2 CLOCK TUNING i 
care | CONTROL 
(4 MHz) 
AFCON 
PROGRAMMABLE 
IM 
COUNTER COUNTER 
ANO 
ANI 
DATA < FREQUENCY ANALOGUE a 
i zz BUFFER REGISTERS 
v N3 
=< DLEN 2% SAB3034 (6x) A 
© S ANALOGUE | AN4 
2° COMMAND 
ae = BUFFER ee 


7284726 


Vog TEST 
Fig. 1 Block diagram. 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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PINNING 

1 Vss 
10 Vpopb 
13 DATA 
12 DLEN 
11 CLB 
18 FDIV 
3 CLI 

2 CLO 
16 FUP 
15 FDN 
14 AFCON 
17 TEST 
4 ANO 
5 AN1 
6 AN2 
7 AN3 
8 AN4 
9 AN5 


May 1981 


Vss 
CLO 
CLI 
ANO 
ani fs | sas3034 
AN2 
AN3 
AN4 


AN5 


72Z84094.1 


Fig. 2 Pinning diagram. 


ground (0 V) 
positive supply (+ 5 V) 


data word | 
data line enable CBUS input 
clock burst | 


input for the divided TV tuner oscillator frequency 


oscillator/clock input 
quartz crystal oscillator output 


tuning voltage contro! output for tuner frequency up (+) 
tuning voltage control output for tuner frequency down (—) 


automatic frequency control output for indicator 
test pin; held LOW for the circuit to operate 


6 analogue outputs 


Analogue and tuning circuit (A & T) SAB3034 


GENERAL DESCRIPTION 


The SAB3034 performs frequency-locked loop digital tuning and also provides a digital-to-analogue 
converter for control of six analogue functions (e.g. volume control, bass/treble control etc.). 

The 17 12-bit words are loaded into the data latch, if valid (12-bit data word, startbit = 0), via the 
CBUS interface. Six words out of the 17 define the tuning window, the a.f.c. holding range, the tuning 
speed and the clock oscillator frequency. Eight data words control the analogue functions. Two data 
words are used for internal/external clock frequency control, the remaining data word is no-operation. 
The clock frequency of 400 kHz can be derived directly from a microcomputer (e.g. MAB8048) and 
this can be used instead of the quartz crystal oscillator by applying this clock to input CLI. 

The 12-bit frequency and tuning counter has an accuracy of 1024 MHz/2‘? = 250 kHz, which is within 
the catching range of a.f.c. circuits. The required frequency (max. 1024 MHz) can be specified in 
increments of 1 MHz (10-bit). While, with a second data word increments of 250 kHz, 500 kHz or 
750 kHz in frequency can be specified. The counter result at the end of a measuring period generates 
the output of a positive or negative tuning pulse, respectively FUP or FDN. The tuning pulse duration 
of FUP or FDN depends on the value of the measured deviation and is approximately 2,5 ms maximum. 
The measuring and tuning process is repeated until the counter value has reached zero, giving the 
required frequency. 


Six data words set the required values (0 to 63) into the 6-bit analogue registers. The contents of the 
registers are converted into pulse-width modulated outputs with a frequency of fc; ;/64. Only an 
external RC filter is needed to smooth the analogue values. Two data words enable or disable all of the 


<t analogue outputs simultaneously. 

< 

S HANDLING 

Zz Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 

s safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 

© MOS Devices’’). 

_! 

uu 

rf RATINGS 

Q Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range VoD —0,3to+7,5 V 
Input voltage range Vi —0,3to+7,5 V 
Input current ly max. 0,5 mA 
Output voltage range Vo Vssg to +15 V 
Power dissipation per output Po max. 20 mW 
Total power dissipation per package Prot max. 600 mW 
Operating ambient temperature range Tamb Oto+70 °C 
Storage temperature range T stg —20 to+ 125 °C 
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D.C. CHARACTERISTICS 
Vss = 0 V; Vpp = 5 V; Tamb = 0 to + 70 °C; unless otherwise specified 


conditions 


min. typ. max. 


Supply voltage 
Supply current 


Inputs CLB, DLEN, DATA 
Input voltage HIGH 
Input voltage LOW 


Input leakage current lip V,; =—0,3 to+5,5V 
input FDIV 
Input voltage HIGH | VIH 
Input voltage LOW | VIL 
Input leakage current | lip V,;=—0,3 to+ 5,5 V 
Input TEST 


Should be connected to ground 


Outputs ANO to AN5, FUP, 
FDN, AFCON (open drain) 


Output voltage HIGH 
Output voltage LOW 
Output current LOW 


Output leakage current 


lol =1mA 
Limited by external resistor 
VoH=5,5 V 


Clock oscillator input CL! 
Input voltage HIGH 
Input voltage LOW 


Clock oscillator output CLO 
Output voltage HIGH 
Output voltage LOW 
Output current LOW 
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Analogue and tuning circuit (A & T) SAB3034 


A.C. CHARACTERISTICS 
Vss = 0 V; Vpp = 5 V; Tamb = O to + 70 °C; unless otherwise specified 


max. conditions 


Inputs DATA, DLEN, CLB 


Rise and fall times 1 us 
Data set-up time 

DATA —*» CLB tsuDA 500 — — ns 
Data hold time 

DATA —> CLB tHDDA 150 — — ns 
Enable set-up time 

DLEN —®»CLB tSUEN 500 _ — ns 
Disable set-up time 

CLB —» DLEN tsuDI 300 — — ns 
Set-up time 

DLEN —®* CLB (load pulse) | tsyLp 400 — — ns 
Input CLB see Fig. 3 
CLB frequency fCLB 0 = 66 kHz 
406 kHz synchronization fp 

from microcomputer at CLI 
Duty factor 6) 0 — 0,8 


CLB pulse width HIGH (90%) twWH 


CLB pulse width LOW (10%) twee 


DEVELOPMENT DATA 


Quartz crystal oscillator 
at pins CLI and CLO 


CLB pulse width HIGH (90%) twH 

CLB pulse width LOW (10%) tWL 
Input FDIV 

Rise and fall times tr, tf 
Pulse width HIGH and LOW twH, tWL 


Input CLI (400 kHz input) 

Rise and fall times ty, tf 
Pulse width HIGH tWH 
Pulse width LOW tWL 


Quartz crystal frequency fosc 


Switch-on reset 


Supply voltage 
transition rate dVpp/dt 
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SAB3034 


90% 90% 
DLEN 
| 10% 
Vib - 
V ae 
1H 90% 
CLB 
3 L 10 % 10% 10 % 
IL == 
og ed 


a 
Vv 
tA 90% 
DATA i 
10% 
ViL 


_—— —_— ars —_——e| + 

tSUEN SUDA _ —~>| |«—tuppa tsup! tsuLD 

<—— tWH ceed tWL —< 

ENABLE DATA DATA DISABLE LOAD 
7284541.1 


Fig. 3 CBUS timing. 


OPERATION DESCRIPTION 
1. Command data handling 


The command data words are entered via a serial CBUS interface. Either a continuously running clock 
or a clock burst of 14 clock periods can be used to transmit a 12-bit data word. 

Serial data, which is applied at input DATA, is shifted into the CBUS latch, with the trailing edge of 
the clock CLB if input DLEN is HIGH. 

Each transmission is checked for word length (number of clock pulses during DLEN is HIG H) and the 
start-bit (first bit after start of transmission, see Fig. 5). 

The valid data flag is only set. if: 

1. Start-bit is LOW during the first clock pulse at CLB. 

2. Word length is correct; one start-bit and 11 data bits. 


Loading the information into the selected latch register is done by the load pulse (first clock pulse 
after the HIGH-to-LOW transition of DLEN). The loading takes two pulses of the main clock and 
resets the valid data flag. The loading occurs only once, further CLB pulses have no effect. Only after 
the valid data flag is reset, will new data be accepted. 


bit 


= 7284680 


Fig. 4 Data word organization. 
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DEVELOPMENT DATA 


Analogue and tuning circuit (A & T) SAB3034 


—|tgusy ~— 


load pulse 


n 7Z84542.1 


Fig. 5 CBUS data transmission. 


Definitions to Figs 4 and 5: 


@ Word length: number of clock pulses during DLEN is active (HIGH); n + 1 bits. 
@ Start-bit (e.g. leading zero): bit number O. 

@ Data bits: bit numbers 1 to n. 

@ Load pulse: first clock pulse after DLEN returns to inactive (LOW). 


1.1. Load of data 


To initialize the SAB3034 after power on, either data word 1 or data word 2 must be applied first 
(e.g. programming of the clock oscillator mode, see Table 1). There are three different types of 
command data (see Table 1). 

a. The first seven data words (B1 = HIGH) carry information for initialization of the operation mode, 
and specification of the frequency offset, tuning window, a.f.c. holding range and tuning speed 
(see Table 2). 

b. Eight further data words (commands 9 to 16) change the contents of the analogue registers (BO and 
BT = LOW). In commands 9 to 14, bits B2, B3 and B4 form the addresses and bits B5 to B10 the 
6-bit analogue values of the analogue registers. Each can be set by a binary value between 0 and 63. 
Enable and disable control over the six analogue outputs is achieved with data word command 15 
and 16. All analogue outputs are set to logic ‘0’ with the switch-on reset. The contents of all 
analogue registers are set to ‘0’ after receiving command 1 or 2 (initialization) and the outputs are 
enabled. 

c. The last data word (command 17) loads the 10-bit frequency data into the frequency buffer 
(BO = HIGH). This 10-bit data is the binary equivalent of the required frequency in MHz. 

The frequency can be altered with this data word in increments of 1 MHz. !f smaller steps are 
needed, the frequency offset can be changed in minimum steps of 250 kHz with command 3. 

The tuning steps are 500 kHz after the circuit is initialized by switch-on and the a.f.c. holding range 
is 750 kHz. 


DATA BITS 


B1 B8 
[oo fe fez hea fos hes} oe er Kee} 20} 


Fig. 6 Data bit organization; see also Tables 1 and 2. 


A 
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Table 1. 12-bit command data words (1 to 17) 


data bits address bits start- 
B10 B9 B8 B7 B6 B5 |B4 B3 B2;B1 BO /bitS 


command/address 


Initialization/400 kHz clock — X ™h® «+#—DATA—~/]0 0 0/]1 =O 0 
Initialization/4 MHz clock X xX 0 O 1 1 O 0 
Command according to Table 2 xX X 0 1 0 | 1 0 0 
Tuning window Af; = 250 kHz X %R® X X X X10 1 +714; 1~ «0 0 
Tuning window Af; = 500 kHz X -R® X X X X11 0 0;1 0 0 
A.F.C. holding range Afg = 500 kHz | X X MR X X XKXit Qa 1 1 0 0 
A.F.C. holding range Af, = 750 kHz | X X MRM X X Xi 1 0 | 1 0 0 
No operation x Xx M® KX XK XK {I 1 1 1 0 0 
Analogue register O <-—— DATA = | 0—CUCOOlCtCO OC 0 
Analogue register 1 0 O 1 0 O 0 
Analogue register 2 0 1 0;0 0 0 
Analogue register 3 0 1 1;,0 O 0 
Analogue register 4 1 O O;0 O 0 
Analogue register 5 1 O 1 0 O 0 
Analogue outputs enabled xX Xx MWR MX X X11 1 0;0 O 0 
Analogue outputs disabled X %®% X X X X]}]1 7 1/0 07; 0 
Data transmission of 10-bit 

required frequency ————_—_——- DATA ——__"""-—-—> 1 0 


mw 
ioe] 


0 MHz 
+ 250 kHz 
+ 500 kHz 
+ 750 kHz 


2,5 ws/250 kHz 
5 us/250 kHz 
10 ys/250 kHz 
20 ps/250 kHz 


-=00 xxxx 
-=O-0 xxxx 
xxxx ==00 
xxx x =O-0 


Note: X = state is immaterial. 


2. Analogue output value (see Fig. 7) 


The six analogue registers can be loaded with any binary number between 0 and 63. After the internal 
D to A conversion, the stored contents of each register is presented at the corresponding output by a 
pulse-width modulated signal. The repetition time of this output signal is 64/fo; _; (64 clock periods). 
External RC filters smooth the analogue outputs to obtain the d.c. control voltage levels. The com- 
mands ‘analogue outputs enabled’ and ‘analogue outputs disabled’ will simultaneously enable/disable 
respectively, all outputs. 
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Bath Ut Se TAL. 
400kHz 4a WU ww 


S41, + 


output 50% nee 
(increment 31) 


output 100% 
(i afel f= a al cla hia feo) Ramey Omg were er emntectna eon geen pee ey een acd ce ny ry en Rn a ene ae a its 


output 0% 
(increment O) 


Fig. 7 Pulse-width modulated analogue outputs from SAB3034. 


3. Basic tuning principle 


Tuning to a transmitted frequency is controlled in the closed loop system as shown in Fig. 9. The 
method used is the frequency lock loop system (FLL). The tuner oscillator frequency is applied to 
FDIV via the divide-by-256 prescaler SAB1018. This incoming frequency fos¢/256 is once again 
divided by a factor N3 of the on-chip programmable prescaler, in a defined time t,, (see Fig. 8), and is 
then applied to the tuning counter. The tuning pulses are then compared with the required frequency. 
If the counter result is within the specified range (tuning window), output AFCON becomes HIGH and 
the a.f.c. is switched on, which enables the i.f. part to complete tuning. 

At the same time, the allowed deviation in frequency is extended to the value of the a.f.c. holding 
range. 

When the measured frequency is outside the specified limits, output AFCON will stay LOW. 

Defined by the test results, frequency too high or too low, a tuning pulse is generated at respectively 
output FDN or FUP until the tuner is accurately tuned. The pulse duration of the FUP and FDN 
pulses is proportional to the measured frequency deviation and has a maximum duration of 2,5475 ms. 
At the end of the tuning period the frequency counter is loaded again, just before the next frequency 
measurement starts. 


measuring time t,, tuning time 


_ 5,12 ee 2,56 ms aca 


ee ee 


TEST 
load 
(internal) saa has te 


AFCON ee ee 
FUP/FDN 

(min.) aan => 
FUP/FDN o== 

(max.) -—— 


Fig. 8 Timing diagram showing the frequency measurement process. 
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f, 
a.f.c. AFCON 
(a.f.c. on/off) 


Vtuning FUP TUNING 


ae CONTROL 


tuning interface 


PRESCALER 
+ 256 
SAB1018 


TUNING 
COUNTER 
>K 


> PRESCALER 
+N3 


time 
switch (try) 


INTERNAL REQUIRED 


CLOCK FREQUENCY commands 


7284722 


fref 


Fig. 9 The frequency lock loop system (FLL). 


4, Frequency measurement 
For the FLL system the following is valid: 
256 -N3 
fosc = ~N2 ‘frep “K 


where: fre¢ = 400 kHz (from internal clock) 
N3 =dividing factor of the internal prescaler 
K = = programmable factor 
N2 = see below 


The tuning accuracy is defined by: 


Af; = —* * fre¢ and this is, based on the 12-bit length of the frequency counter and the 
maximum frequency to be measured of 1 GHz, 
Af; = = = 250 kHz, which is within the catching range of the a.f.c. circuit. 
For practical reasons the factor 5 is chosen for N3. With fre¢ = 400 kHz, N2 can be calculated: 
256 -N3 
N2 =~. - 400 kHz = 2048 
250 kHz . 
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The frequency measuring time try is: 


tm = ne = 2048 - 2,5 us = 5,12 ms 


ref 
In the following time period of 2,56 ms, correction pulses can be generated (FUP/FDN) of which the 
width is proportional to the error in frequency. 
The minimum width is defined as 2,5 ys for each 250 kHz deviation in frequency. 
The factor of 5 for N3 implies a possible frequency error fey in the measurement of: 


Af; 250 


5. The tuning window (Af;) 


When a tuning procedure is started, the oscillator frequency (fos) of the tuner is corrected until the 
measured deviation is within the tuning window Af;,. 

Width and position of Af; is calculated below. 

The frequency applied to the i.f.-part of the TV receiver for correct tuning must be: 


fi¢ = fosc — fyn where: fp is the vision frequency of channel n. 

At the moment the a.f.c. is switched on, the frequency to the i.f. part could be: 
fit = fosce + Aft + fer — fy (in MHz) 

With the required value fj¢ = 38,9 MHz, the maximum fj¢(+) is: 
fig (+) = (38,9 + Af, + 0,05) MHz 


Given is fj¢(+) < 40,4 MHz (the trap frequency), so Af; + 50 kHz = 1,5 MHz. 
A practical value for Af, (+): < 500 kHz. 


The minimum allowed intermediate frequency fj¢(—) is defined by the sound carrier of the adjacent 
channel fg(n-1)- In v.h.f.-bands with 7 MHz channel spacing applies: 


DEVELOPMENT DATA 


fs(n-1) = (fyn — 1,5) MHz. 
This results in fj¢(—) = fose — Aft — fer — fy(n-1) + 1,5 MHz = 
= 40,4 — (Af, — 0,05) 
Required is fj¢(—) = 40,4 MHz, when Af; = 0. 
The calculations show, that the tuning window Af; must be positive only (see Fig. 10). 


6. A.F.C. holding window (Af,) 


When the measured frequency is specified within the tuning window Af, the a.f.c. is switched on 
(AFCON = HIGH). The accuracy of the measurement is now set to a wider area, the a.f.c. holding 
window Afg, operational either positive or negative. 

The width of Af, is defined by the following: 


@ The margin in frequency at the lower band ends of the tuners limits: —Afg < 1 MHz. 

@ Searching to unallocated frequencies with 1 MHz increments defines: + Afg < 1 MHz. 

®@ To cover the complete frequency band + Af, must have an overlap or + Afg must be larger than the 
smallest frequency increment. 


The SAB3034 has two different tuning windows and two a.f.c. holding windows, and are independently 
controllable. 
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+2 +3 +5 


+4 


a.f.c. 
catching range 7284721 


Fig. 10 Tuning example. 


7. Programmable factor K 

N1-N3 
N2 

The programmable factor is calculated from fose = fy + fig. For standard frequencies, CCIR norm B 

and G: 


The oscillator frequency of the tuner fosc = * frog °K. 


fosc = X, 25 + 38,9 = (X + 39), 15 MHz where X + 39 = K. 


The remainder of 150 kHz needs an additional offset in the frequency measurement of 150 kHz. This 
is done by presetting the on-chip prescaler. An example of frequency measurement is shown in Table 3, 
where for simplicity a measurement of 1,15 MHz is illustrated, with a + Af, = 250 kHz and at/—Af, = 
750 kHz. 
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Table 3. Example of frequency measurement at f = 1,15 MHz 


prescaler 
N3=5 


frequency counter contents 


001000000000 «~~ frequency loading | 
l 150 kHz correction 


3 


o-OoO-0O/0/0-0j;0-0-0/1-0— 
oor--]0(/00/-0/007-0|\;0-— 


—-/Ooo0coco H/;9o000ec [Rp coc c H/io0o00c0 H(9cT00OH/00GMV0OKHiDOGTOH|GQVDeQA0C0O-!0000]/--— 


O<+ Af, < 250 kHz 


——-—— Af, = +750 kH 
o00000000000 j “a : 


DEVELOPMENT DATA 


OoO;onrO}r-O;0O/0/0/0-0$0/0-"0-0/0-0-0/0-0-0 
O;Oo/ $$ O10 07r]$0/(002{]-0/002/]-0(/00+-—$0(00—-- © 
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8. Tuning speed 


Basically the SAB3034 generates a pulse at one of the correction outputs with a width of 2,5 us for 

each 250 kHz detected deviation in frequency. However, the steepness of tuner characteristics are 
different. To realize a more equable tuning time through the frequency bands, the correction pulse width 
is made programmable. A choice can be made between 2,5 us, 5 us, 10 ws or 20 us for each 250 kHz 
deviation (see Table 2). 


9. Power-on reset 


The on-chip power-on reset circuits (dVpp/dt < 4 V/ms) set the IC in the following defined states: 
— analogue outputs (ANO to AN5) = LOW, 

outputs FDN and AFCON = LOW, 

output FUP = HIGH, 

reset the CBUS latch, 

— set the clock logic for fya¢ = 400 kHz. 


The IC is activated by data word 1 or 2 (see also Table 1); so the first message must be one of these and 
the logic will be initialized, including: 

— analogue latches contents set to zero, 

enabling of all outputs, 

set Af; = 0,5 MHz and Af, = 0,75 MHz, 

load frequency offset and tuning speed control bits. 

clears all other logic. 


Note 


For correct power-on reset, the pull-up voltage used for the open drain outputs must have some delay in 
the rise time in respect to the Vpp = + 5 V rise time. 
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COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 


GENERAL DESCRIPTION 


The SAB3035 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 8 analogue functions, 4 general purpose !/O ports and 4 high-current outputs for 
tuner band selection. 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional I? C bus. 


Features 


® Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 


Frequency measurement with resolution of 50 kHz 

Selectable prescaler divisor of 64 or 256 

32 V tuning voltage amplifier 

4 high-current outputs for direct band selection 

8 static digital to analogue converters (DACs) for control of analogue functions 
Four general purpose input/output (I/O) ports 

Tuning with control of speed and direction 

Tuning with or without a.f.c. 

Single-pin, 4 MHz on-chip oscillator 


17C bus slave transceiver 


QUICK REFERENCE DATA 


Supply voltages 


(pin 16) Vpq typ. 12 V 

(pin 22) Vp2 typ. 13 V 

(pin 17) Vp3 typ. 32 V 
Supply currents (no outputs loaded) 

(pin 16) Ip4 typ. 32 mA 

(pin 22) Ip typ. 0,1 mA 

(pin 17) Ip3 typ. 0,6 mA 
Total power dissipation Prot typ. 400 mW 
Operating ambient temperature range Tamb  —20 to +70 °C 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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, il PRESCALER 
ca 
Vp1 GND 


FDIV a VP3 


POWER -DOWN REFERENCE Loa 
DETECTOR OSCILLATOR 
SAB3035 CONTROL TUNER 
CIRCUIT 
a a ie 
SCL 


a a. 
BUS 


15-BIT 
FREQUENCY BUFFER 


REFERENCE |FDIVM 


COUNTER 
TUS 


15-BiIT 
FREQUENCY COUNTER i 


Merny tferoeen’ CT nT7 
L.FOV _) (FLOCK, | FL/ 
TUNING CONTROL CIRCUIT 


| Crore] [AFCT] 


CONTROL CIRCUIT 


DIVISOR 
SELECTOR 
15 | TUN 
TUHN 


12-BIT CHARGE 


PUMP TUNING 
TUNING COUNTER VOLTAGE 


AMPLIFIER 


AFC+]11 


A.F.C. TI 
AFC— AMPLIFIER 


CORRECTION- 
IN- BAND 
CIRCUIT 


7290132 


Fig. 1 Block diagram. 
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Computer interface for tuning and control (CITAC) 


PINNING 
1 DAC4 
2 DAC5 
3 DAC6 
4 DAC7 
paca [ 1. ee 
6 SCL 
DACS5 7 P20 
DAC6 S Pet 
pac7 [ 4 | yee 
soa fe 10 P23 
sc. [6 | 
12 AFC— 
P20 
SAB3035 ie 
p21] 3. 21] 14 GND 
p22[o. 15 TUN 
p23 [10] ae 
AFC+ a ie 
AFC- 18 P10 
. 19 P11 
ia 20 P12 
72Z86564.1 a US 
22 Vp2 
23 FDIV 
Fig. 2 Pinning diagram. 24 OSC 
25 DACO 
26 DAC 
27 DAC2 
28 DAC3 


by Philips. 


SAB3035 


outputs of static DACs 


serial data line 
. | \?C bus 
serial clock line 


general purpose 
input/output ports 


a.f.c. inputs 


tuning voltage amplifier inverting input 
ground 

tuning voltage amplifier output 

+12 V supply voltage 


+32 V supply for tuning voltage 
amplifier 


High-current band-selection output 
ports 


positive supply for high-current band- 
selection output circuits 


input from prescaler 


crystal oscillator input 


outputs of static DACs 


Purchase of Philips !?C components conveys a licence under the 
Philips’ |? C patent to use the components in the [7C system 
provided the system conforms to the !7C specifications defined 
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FUNCTIONAL DESCRIPTION 


The SAB3035 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an |? C bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge !T can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 

2° x 23 x 250 WA us (typical). 


The maximum tuning current | is 875 wA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 


The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 


The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp9. 


For additional digital control, four open collector !/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 


Eight 6-bit digital-to-analogue converters DACO to DAC7 are provided for analogue control. 


Reset 


CITAC goes into the power-down-reset mode when Vp; is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two-wire |? C bus; the |? C bus is specified in our data handbook 
“ICs for digital systems in radio, audio, and video equipment’. For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 7 


MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 
MA MA 
s | 1 1 0 0 0 1 0 0 l7 lg Is I4 Ig Io 4 lg BE Dg Ds Dy D3 Do D, Do pay | 
msb a msb msb 
R/W 7Z90129 


Fig. 3 1?C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vpq > 8,5 V (typica!)). 


Table 1 Valid module addresses 


P20 


don’t care 


GND 


“Py 
VP1 
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OPERATION (continued) 
Tuning . 
Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 
INSTRUCTION BYTE DATA/CONTROL BYTE 
D7 De Og Dg D3 Dy D, Do 
F4 FZ. «FQ F1 FO 
AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 


VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 


0 0 0 0 AFCP FDIVM TDIRD TDIRU 


. ° 7290125 
Fig. 4 Tuning control format. 


Frequency 


Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


typ. AVTUNmin at CINT = 1 #F 
LV 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 


Tuning sensitivity 


To be able to program an optimum loop gain, the charge 1T can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


typ. AVTUNmin at CNT = 1 HF 
V 


* Values after reset. 


' Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage Vtyjy to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VTUQ at: 
ee ee 12 to 18 V 18 to 24 V >24V 


* * * 


1 1 
1 2 
2 4 
4 8 


1 
1 
1 
2 


* Values after reset. 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af] is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 


Table 5 Tuning window programming 


TUW1 TUWO [Af] (kHz) tuning window (kHz) 
0 
0 
1 


50 100 
150 300 


* Values after reset. 
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OPERATION (continued) 
A.F.C. 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 


[Af| (kHz) a.f.c. hold range (kHz) 
0* 0* 


350 700 
750 1500 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


SO 


* Value after reset. 


A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTuN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP = logic 1, 

VTUN Tises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


FDIVM | prescaler division factor cycle period (ms) 


256 6,4* 
64 2,56 


* Values after reset. 


measuring window (ms) 


Tuning direction 
Both tuning direction bits, TDIRU (up) and TDIRD (down), are at logic O after reset. 
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Control 


The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs, If a logic 1 is programmed on any of the POD bits Dg to 
Dg, the relevant output goes HIGH. All outputs are LOW after reset. 
P23, P22, P21, P20 Open collector |/O ports. If a logic 0 is programmed on any of the POD bits 


D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


DACX Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X2, X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO0 at 
logic O, or after reset has been activated. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


°0D 


DACX 


7Z90127 


Fig. 5 Control programming. 


Read 


Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


By Bg Bg Bg Bz Bo By Bg 


A 
L from master 


7290130 R/W E [ i MWN [ 
RESN PI20 


FOV PI21 
FL/ON PI22 
FL/1N P123 
FLOCK P22/0N 
P22/1N 
P23/0N 
P23/1N 
from CITAC from master 


Fig. 6 Information byte format. 
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OPERATION (continued) 


Tuning/reset information bits 


FLOCK 


FL/1N 


FL/ON 


FOV 


RESN 


MWN 


Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 


Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 


As for FL/1N but is set to logic O when FLOCK changes from 1 to 0. 


Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 


MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 


When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 


Port information bits 


P23/1N, P22/1N 


P23/0N, P22/0N 


PI23, PI22, PI21, 
PI20 


Reset 


Set to logic O (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to- LOW transition. 


Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


GENERAL CALL ADDRESS HEX06 


June 1983 


7Z90128 


Fig. 7 Reset programming. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage ranges: 


(pin 16) Vp4 
(pin 22) Vp2 
(pin 17) Vp3 
Input/output voltage ranges: 
(pin 5) VSDA 
(pin 6) VSCL 
(pins 7 to 10) Vp2x 
(pins 11 and 12) VAFC+, AFC— 
(pin 13) VTi 
(pin 15) VTUN 
(pins 18 to 21) VP1x 
(pin 23) VEDIV 
(pin 24) Vosc 
(pins 1 to 4 and 25 to 28) VDACX 
Total power dissipation Prot 
Storage temperature range T stg 
Operating ambient temperature range Tamb 


* Pin voltage may exceed supply voltage if current is limited to 10 mA. 


—0,3 
—0,3 
—0,3 


—0,3 
—0,3 
—0,3 
—0,3 
—0,3 
—0,3 
—0,3 
—0,3 
—0,3 
—0,3 


max. 


SAB3035 


to Vp3* V 
to Vp2** V 
to Vp1* V 
to +5 V 
to Vp1* V 
1000 mW 


—55 to +125 OC 
—20 to +70 °C 


** Pin voltage must not exceed 18 V but may exceed Vpo if current is limited to 200 mA. 
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CHARACTERISTICS 
Tamb = 25 °C; Vp1, Vp2, Vp3 at typical voltages, unless otherwise specified 


i cnn Vea 


Supply voltages 
Supply currents (no outputs loaded) 


Additional supply currents (A) 
(note 1) 

Total power dissipation 

Operating ambient temperature 


I2C bus inputs/outputs 


SDA input (pin 5); 
SCL input (pin 6) 


Input voltage HIGH (note 2) 

Input voltage LOW 

Input current HIGH (note 2) 

Input current LOW (note 2) 

SDA output (pin 5, open collector) 
Output voltage LOW at lop =3 mA 


Maximum output sink current 


Open collector I/O ports 


P20, P21, P22, P23 
(pins 7 to 10, open collector) 


Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, = 2 mA 
Maximum output sink current 
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A.F.C. amplifier 

Inputs AFC+, AFC— (pins 11, 12) 

Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 
0 


0 
1 


Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used 


Input offset voltage 


Common mode input voltage 


Common mode rejection ratio 


Power supply (Vp4) rejection ratio 


Input current 


Tuning voltage amplifier 
Input TI, output TUN (pins 13, 15) 
Maximum output voltage at 

Noad = +2,5 mA 
Minimum output voltage at 


VTMI1 VTMIO 
0 0 
1 0 

1 


Maximum output source current 


Maximum output sink current 


Input bias current 


Power supply (Vp3) rejection ratio 
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CHARACTERISTICS (continued) 


Tuning voltage amplifier (continued) 
Minimum charge IT to tuning voltage amplifier 


TUHN1 TUHNO 
0 0 


0 1 
1 0 
1 1 


~ Tolerance of charge (or AVTyn) 
multiplying factor when 
COIB and/or TUS are used 


Maximum current | into tuning amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Correction-in-band 


Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V 


Band-select output ports 
P10, P11, P12, P13 (pins 18 to 21) 


Output voltage HIGH at 
—lQyH = 50 mA (note 3) 


Output voltage LOW at Io; =2mA 
Maximum output source current (note 3) 


Maximum output sink current 


FDIV input (pin 23) 


Input voltage (peak-to-peak value) 


Duty cycle 

Maximum input frequency 
Input impedance 

Input capacitance 
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parameter 


OSC input (pin 24) 


Crystal resistance at resonance (4 MHz) 


DAC outputs 0 to 7 
(pins 25 to 28 and 1 to 4) 


Maximum output voltage (no load) 
at Vp7 = 12 V (note 4) 


Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) 


Positive value of smallest step 
(1 least-significant bit) 


Deviation from linearity 

Output impedance at Ij5qgg = +2 mA 
Maximum output source current 
Maximum output sink current 


Power-down-reset 


Maximum supply voltage Vp1 at which 
power-down-reset is active 


Vp1 rise-time during power-up 
(up to Vpp) 


Voltage level for valid module address 


Voltage level at P20 (pin 7) for valid module 
address as a function of MA1, MAO 


MA1 MAO 
0 0 


0 1 
1 0 
1 1 


Notes to the characteristics 


1. For each band-select output which is programmed at logic 1, sourcing a current lOHP1x, the addi- 
tional supply currents (A) shown must be added to Ip9 and Ip3 respectively. 


2. If Vpq <1 V, the input current is limited to 10 uA at input voltages up to 16 V. 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 
circuited to ground for several seconds the device may be damaged. 


4. Values are proportional to Vpq. 
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1?C BUS TIMING (Fig. 8) 


12C bus load conditions are as follows: 
4 kQ2 pull-up resistor to +5 V; 200 pF capacitor to GND. 


All values are referred to Vj}j=3 V and Vj, = 1,5 V. 


fmt [win | wm [ on 


tBUF os 


parameter 
us 


Bus free before start 


Start condition set-up time 
Start condition hold time 
SCL, SDA LOW period | 
SCL HIGH period 


SCL, SDA rise time tr 

~ SCL, SDA fall time tf 
Data set-up time (write) tsu,DAT 
Data hold time (write) tHD,DAT 
Acknowledge (from CITAC) set-up time tsu,CAC 
Acknowledge (from CITAC) hold time tHD,CAC 
Stop condition set-up time tsu,STO 
Data set-up time (read) tsu,RDA 
Data hold time (read) tHD,RDA 
Acknowledge (from master) set-up time tsu,MAC | 


Acknowledge (from master) hold time tHD, MAC 


Note 


Timings tgsu DAT and typ, DAT deviate from the |? C bus specification . 
After reset has been activated, transmission may only be started after a 50 us delay. 


SDA 
( write) 
<tBurF > 
SCL : 
+_——— | <<.» <<» 
tsu,STA tHD,STA tsu, STO 
SDA \/ \7 "A' from 
(read) X X master 
<p> <<< > ~<_ —>_ Sa 


tsu, RDA tHD, RDA tsu, MAC tHD, MAC 7290131 


Fig.8 17C bus timing SAB3035. 
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This data sheet contains advance information and ! ki a) SAB3036 


specifications are subject to change without notice. 


COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 


GENERAL DESCRIPTION 


The SAB3036 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. 
It also controls 4 general purpose |/O ports and 4 high-current outputs for tuner band selection. 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via 
a two-wire, bidirectional |?C bus. 


Features 


@ Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 


Frequency measurement with resolution of 50 kHz 
Selectable prescaler divisor of 64 or 256 

32 V tuning voltage amplifier 

4 high-current outputs for direct band selection 
Four general purpose input/output (1/O) ports 
Tuning with control of speed and direction 

Tuning with or without a.f.c. 

Single-pin, 4 MHz on-chip oscillator 


I7C bus slave transceiver 
QUICK REFERENCE DATA 


Supply voltages 


(pin 5) Vp4 typ. 12 V 

(pin 14) Vp2 typ. 13 V 

(pin 9) Vp3 typ. 32 V 
Supply currents (no outputs loaded) 

(pin 5) Ip4 typ. 23 mA 

(pin 14) Ip typ. 0,1 mA 

(pin 9) Ip3 typ. 0,6 mA 
Total power dissipation Prot typ. 300 mW 
Operating ambient temperature range Tamb —20 to+ 70 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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, il PRESCALER 


Vp4 GND 


FDIV Vp2 Vp3 


POWER -DOWN 
DETECTOR 


REFERENCE 
OSCILLATOR 


CONTROL 
CIRCUIT 


SAB3036 


7 
hE LMWN | 


REFERENCE 


COUNTER Tus 


15-BIT 
FREQUENCY COUNTER 


faaolippan 
pP122, ,P22/; 


Cov FLOCK CFT 
TUNING CONTROL CIRCUIT 


134) paayl 
F123) P23/ 
PORT 2 
CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


8 | TUN 


CHARGE 
PUMP 


12-BIT 
TUNING COUNTER 


TUNING 
VOLTAGE 
AMPLIFIER 


Cint 


A.F.C. TI 


AMPLIFIER 


CIRCUIT 


7290165 


Fig. 1 Block diagram. 
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PINNING 
118} SCL 1 P20 | general purpose 
Sag P21 | input/output ports 
3 P22/AFC+ | general purpose input/output 
OSC 4 P23/AFC— | ports and a.f.c. inputs 
FDIV 5 VP4 + 12 V supply voltage 
SAB3036 Vp9 6 TI tuning voltage amplifier 
inverting input 
13] P13 
he 7 GND ground 
Me 8 TUN tuning voltage amplifier output 
fii] Pt 9 Vp3 + 32 V supply for tuning 
Fo] P10 voltage amplifier 
10 P10 
TEPOLCS 11 P11 | high-current band-selection 
Fig. 2 Pinning diagram. 12 P12 output ports 
13 P13 
14 Vp2 positive supply for high-current 
band-selection output circuits 
15 FDIV input from prescaler 
16 OSC crystal oscillator input 
17 SDA serial data line | 
|- 
18 SCL serial clock line | * © DUS 


DEVELOPMENT DATA 


Purchase of Philips !* C components conveys a licence under the 
Philips’ 1?C patent to use the components in the 1?C system 
provided the system conforms to the !* C specifications defined 
by Philips. 
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FUNCTIONAL DESCRIPTION 


The SAB3036 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an I7C bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHNT1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 

2° x 23 x 250 uA us (typical). 


The maximum tuning current | is 875 wA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning wil! be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 


The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voitage level if correction-in-band is used. 


The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 


setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp9. 


For additional digital control, four open collector !/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals and are connected 
with the AFC+ and AFC-— inputs respectively. The a.f.c. amplifier must be switched off when P22 
and/or P23 are used. When a.f.c. is used, P22 and P23 must be programmed HIGH (high impedance 
state). With the aid of port P20, up to three independent module addresses can be programmed. 


Reset 
CITAC goes into the power-down-reset mode when Vp, is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 
CITAC is controlled via a bidirectional two-wire |? C bus; the |? C bus is specified in our data handbook 


“ICs for digital systems in radio, audio, and video equipment’. For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 


shown in Fig. 3. 
<f{ 
=~ 
f{ 
Q 
= 
= 
= MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 
Oo. MA™MA 
° is 1 1 o 0 r@] 1 0 0 IZ Ig Ig l4 I3 Ip l4 lo Dz Dg Ds Dy D3 Do D, 
Lud 
> msb 1 msb msb 
Lu R/W 
Q 


7Z90129 


Fig.3 1?C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vpq > 8,5 V (typical)). 
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OPERATION (continued) 


Table 1 Valid module addresses 


don't care 
GND 
AVP 4 


VP 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 
INSTRUCTION BYTE. DATA/CONTROL BYTE 


D7 Dg Dg Dg Dg Dy Dy Dg 


freq. 


TCDO AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 


TCcD1 VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TuUS1 TUSO 


TCD2 0 0 0 AFCP FDIVM TDIRD TDIRU 


7290125 


Fig. 4 Tuning control format. 


Frequency 


Frequency is set when bit I7 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold i 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


tent 
{ 


typ. AVTUNmin at CINT = 1 BF 
V 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 
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Tuning sensitivity 


To be able to program an optimum loop gain, the charge 1T can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 = logic 1. 


Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


TUS2 TuUS1 TUSO typ. AVTUNmin : CINT = THF 


* Values after reset. 


Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VT\jy to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VTYy at: 
pee ee <12V 12to 18 V 18 to 24 V >24V 


* Values after reset. 


DEVELOPMENT DATA 


--—-. OO 
ee ee 
NoOo-—-- = 
a Oa 
CO BND — 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af] is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 
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OPERATION (continued) 


Table 5 Tuning window programming 


TUW1 TUWO [Af] (kHz) tuning window (kHz) 
0* 0* 


0 
0 50 100 
1 150 300 


* Values after reset. 


A.F.C. 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 


AFCRO [Af| (kHz) a.f.c. hold range (kHz) 
0* 


350 
750 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


* Value after reset. 


A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP = logic 1, 
VTUN Fises. 

Minimum tuning voltage — 


Both minimum tuning voltage contro! bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 
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Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


prescaler division factor cycle period (ms) measuring window (ms) 


256 6,4* 5,12* 
64 2,56 1,28 


* Values after reset. 


Tuning direction 
Both tuning direction bits, TDIRU (up) and TDIRD (down), are at logic O after reset. 


Control 


The instruction byte POD (port output data) is shown in Fig. 5, together with the corresponding data/ 
control byte. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
<q Do, the relevant output goes HIGH. All outputs are LOW after reset. 
> P23, P22, P21, P20 Open collector |/O ports. If a logic 0 is programmed on any of the POD bits 
= D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
2 reset (high impedance state). 
uu 
= 
o. 
Oo 
onal 
Lu! 
> 
Lud 
A 

INSTRUCTION BYTE DATA/CONTROL BYTE 
7290164 


Fig. 5 Control programming. 
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OPERATION (continued) 
Read 


Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


By Bg Bg By Bz By By Bg 


js inspiral, sp Og ONL joa a tee tt ad 
7290130 R/W E t MWN t [ a from master 
— RESN PI20 


FOV . Pi21 
FL/ON PI22 
— FL/1N PI23 
FLOCK P22/0N 
P22/1N 
P23/0N 
P23/1N 
from CITAC from master 


Fig. 6 Information byte format. | 


Tuning/reset information bits 


FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1N Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

FL/ON As for FL/1N but is set to logic O when FLOCK changes from 1 to O. 

FOV Indicates frequency overflow. When the tuner oscillator frequency is too high with 


respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


RESN Set to logic O (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 


MWN MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic O and the received frequency is measured. 


When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 


June 1983 


Computer interface for tuning and control (CITAC) SAB3036 


Port information bits 


P23/1N, P22/1N — Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

P23/ON,P22/0N _ As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to- LOW transition. 

P123, PI22,P121, Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 

P120 indicates a HIGH input level. 


Reset 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


GENERAL CALL ADDRESS HEX 06 


7Z90128 


{ 
< Fig. 7 Reset programming. 
2 RATINGS 
= Limiting values in accordance with the Absolute Maximum System (fEC 134) 
= Supply voltage ranges: 
> (pin 5) Vp4 —0,3 to+ 18 V 
QO {pin 14) Vp9 —0,3 to+ 18 V 
(pin 9) Vp3 —0,3 to+36V 
Input/output voltage ranges: 
(pin 17) VSsDA —0,3 to+18V 
(pin 18) VSCL —0,3 to+18V 
(pins 1 and 2) Vp20, P21 —0,3 to+18V 
(pins 3 and 4) Vp29, P23, AFC —0,3 to Vpy* V 
(pin 6) VTi —0,3 to Vp4* V 
(pin 8) VTUN —0,3 to Vp3* V 
(pins 10 to 13) VP1x —0,3 to Vp9** V 
(pin 15) VEDIV —0,3 to Vp1* V 
(pin 16) Vosc —0,3to+5V 
Total power dissipation Prot max. 1000 mW 
Storage temperature range T stg —55 to+ 125°C 
Operating ambient temperature Tamb —20 to + 70 9C 


* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vpoa if current is limited to 200 mA. 
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CHARACTERISTICS 
Tamb = 29 °C; Vp7, Vp2, Vp3 at typical voltages, unless otherwise specified 


nena CBee 


Supply voltages 
Supply currents (no outputs loaded) 


Additional supply currents (A) 
(note 1) 

Total power dissipation 

Operating ambient temperature 


I? bus inputs/outputs 


SDA input (pin 17); 
SCL input (pin 18) 


Input voltage HIGH (note 2) 
Input voltage LOW 

Input current HIGH (note 2) 
Input current LOW (note 2) 


SDA output (pin 17, open collector) 
Output voltage LOW at lo, =3mA 


Maximum output sink current 


Open collector 1/O ports 


P20, P21, P22, P23 
(pins 1 to 4, open collector) 


Input voltage HIGH (P20, P21) 

Input voltage HIGH (P22, P23) AFC switched off 
Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, = 2mA 

Maximum output sink current 
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A.F.C. amplifier 
Inputs AFC+, AFC— (pins 3, 4) 


Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 


0 0 goo 800 nA/V 
0 1 901 35 LA/V 
1 0 910 70 BA/V 
1 1 911 140 BA/V 
Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used AMg 
Input offset voltage Vioff 
Common mode input voltage Vcom 
Common mode rejection ratio CMRR 
Power supply (Vp1) rejection ratio PSRR 


< Input current (P22 and P23 programmed HIGH) I 
< 
Q 
oe Tuning voltage amplifier 
= 
me Input T!, output TUN (pins 6, 8) 
a Maximum output voltage at 
rT Noad = £2,5 mA VTUN 
nf Minimum output voltage at 
a Noad = 2,5 mA: 
VTMI1 VTMIO 
0 0 VTMOO 
1 0 VTM10 
1 1 VTM11 
Maximum output source current —ITUNH 
Maximum output sink current ITUNL 
Input bias current It 
Power supply (Vp3) rejection ratio PSRR 
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CHARACTERISTICS (continued) 


Tuning voltage amplifier (continued) 


Minimum charge !T to tuning voltage amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Tolerance of charge (or AVTUN) 
multiplying factor when 
COIB and/or TUS are used 


Maximum current | into tuning amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Correction-in-band 


Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V 


Band-select output ports 
P10, P11, P12, P13 (pins 10 to 13) 


Output voltage HIGH at 
—lOH = 50 mA (note 3) 


Output voltage LOW at Io, = 2mA 


Maximum output source current (note 3) 


Maximum output sink current 


FDIV input (pin 15) 


Input voltage (peak-to-peak value) 
(trise and tegi] < 40 ns) 


Duty cycle 


Maximum input frequency 


Input impedance 


Input capacitance 
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parameter 


OSC input (pin 24) 


Crystal resistance at resonance (4 MHz) 


Power-down-reset 


Maximum supply voltage Vp4 at which 
power-down-reset is active 


Vp1 rise-time during power-up 
(up to Vpp) 


Voltage level for valid module address 


Voltage level at P20 (pin 1) for valid module 
address as a function of MA1, MAO 


MA1 MAO 
0 0 
0 1 
1 0 
1 1 


DEVELOPMENT DATA 


Notes to the characteristics 


1. For each band-select output which is programmed at logic 1, sourcing a current !Q}4p7 x, the addi- 
tional supply currents (A) shown must be added to lpg and Ip3 respectively. 


2. If Vp <1 V, the input current is limited to 10 uA at input voltages up to 16 V. 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 
circuited to ground for several seconds the device may be damaged. 


4. Values are proportional to Vp}. 
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I?C BUS TIMING (Fig. 8) 


12C bus load conditions are as follows: 
4 kQ pull-up resistor to +5 V; 200 pF capacitor to GND. 


All values are referred to Vj}j= 3 V and Vj, = 1,5 V. 


[ame Yom Tom Do Poe [oe 


Bus free before start 


‘BUF 
tSU,STA 
tHD,STA 
tLow 
tHIGH 
tR 

tF 
tsuU,DAT 
tHD,DAT 
tsu,CAC 
tHD,CAC 
tsu,STO 
tsu,RDA 
tHD,RDA 


Start condition set-up time 
Start condition hold time 
SCL, SDA LOW period 
SCL HIGH period 
SCL, SDA rise time 
SCL, SDA fall time 
Data set-up time (write) 


Data hold time (write) 
Acknowledge (from CITAC) set-up time 
Acknowledge (from CITAC) hold time 
Stop condition set-up time 

Data set-up time (read) 

Data hold time (read) 

Acknowledge (from master) set-up time 
Acknowledge (from master) hold time 


Note 


Timings tgsy DAT and typ DAT deviate from the I?C bus specification . 
After reset has been activated, transmission may only be started after a 50 us delay. 


‘SDA ¥ | 
‘w A OOO mt 2 


"BUF > 


SCL 
_———» <_——_P | —<——————-- 
tsu,sTA tHD,STA tsu, STO 
SDA y, \7 'A’ from ) 
(read) JN X master 
—pP <> —_ <= > + 
tsu, RDA THD, RDA tsu, MAC tHD, MAC 7290131 


Fig. 8 I?C bus timing SAB3036. 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAB3037 


specifications are subject to change without notice. 


COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 


GENERAL DESCRIPTION 


The SAB3037 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 4 analogue functions, 4 general purpose |/O ports and 4 high-current outputs for 
tuner band selection. 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional |? C bus. 


Features 


® Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 


Frequency measurement with resolution of 50 kHz 

Selectable prescaler divisor of 64 or 256 

32 V tuning voltage amplifier 

4 high-current outputs for direct band selection 

4 static digital to analogue converters (DACs) for control of analogue functions 
Four general purpose input/output (1/O) ports 

Tuning with control of speed and direction 

Tuning with or without a.f.c. 


Single-pin, 4 MHz on-chip oscillator 


12 C bus slave transceiver 


QUICK REFERENCE DATA 


Supply voltages 


(pin 13) Vp typ. 12 V 

(pin 19) Vp? typ. 13 V 

(pin 14) Vp3 typ. 32 V 
Supply currents (no outputs loaded) 

(pin 13) Ip4 typ. 30 mA 

(pin 19) Ip typ. 0,1 mA 

(pin 14) Ip3 typ. 0,6 mA 
Total power dissipation Prot typ. 380 mW 
Operating ambient temperature range Tamb —20 to +70 °C 


nn Sn he Ere 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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POWER —-DOWN 
’ DETECTOR 


SDA 
ao) ee 
scl BUS 


fist 
pPI20) 


| COUNTER 


fois 
yPl21; 


fiaol teaaul 
pP!22, P22/, 


"pi23) "paay 
P23, 23h 
PORT 2 

CONTROL CIRCUIT 


AFC+1] 8 


504 June 1983 


, iii PRESCALER 


omer 
GND FDIV 


REFERENCE 
OSCILLATOR 


SAB3037 
CONTROL 


CIRCUIT 


MW T 
TIME Ah 
REFERENCE |FDIVM 


TUS 


15-BIT 
FREQUENCY COUNTER 


G1 Ofer nerw) 27 
LFOV } (FLOCK) (_FL/ } 
TUNING CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


12-BIT CHARGE 


PUMP TUNING 
TUNING COUNTER VOLTAGE 


AMPLIFIER 


IN-BAND 
CIRCUIT 


Fig. 1 Block diagram. 
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Computer interface for tuning and control (CITAC) 


SAB 3037 


7Z286665.1 


Fig. 2 Pinning diagram. 


PINNING 

1 DAC3 

2 SDA 

3 SCL 

4 P20 

B. “P21 | 
6 P22 

7 = P23 | 
8 AFCt 
9 AFC— 
10 Ti 

11. GND 

12 TUN 

13. Vpy 

14 Vp3 

15 P10 

16 P11 | 
17. P12 

18 P13 | 
19 Vp9 

20 FDIV 
21 OSC 

22 DACO 
23 DAC1 
24 DAC2 


SAB3037 


output of static DAC 
serial data line | 


: IC bus 
serial clock line | 


general purpose 
input/output ports 


a.f.c. inputs 


tuning voltage amplifier inverting input 
ground 

tuning voltage amplifier output 

+ 12 V supply voltage 


+ 32 V supply for tuning voltage 
amplifier 


high-current band-selection output ports 


positive supply for high-current 
band-selection output circuits 


input from prescaler 


crystal oscillator input 


outputs of static DACs 


Purchase of Philips |? C components conveys a licence under the 
Philips’ IC patent to use the components in the I? system 
provided the system conforms to the |? C specifications defined 


by Philips. 
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FUNCTIONAL DESCRIPTION 


The SAB3037 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an |* C bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. !n the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 

2° x 23 x 250 WA us (typical). 


The maximum tuning current | is 875 wA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. !f the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 


The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 


The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp9. 


For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 


Four 6-bit digital-to-analogue converters DACO to DAC3 are provided for analogue control. 


Reset 


CITAC goes into the power-down-reset mode when Vpj is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two-wire |? C bus; the |? C bus is specified in our data handbook 
“ICs for digital systems in radio, audio, and video equipment’. For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 


MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 


MA MA 
a 1 1 (0) 0 0) 1 0 0 IJ \g I5 14 I3 Ig 14 lo Dz Dg Ds D4 D3 Do D; Do A 
msb a msb msb 
R/W 7290129 


Fig. 3 |?C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp > 8,5 V (typical)). 


Table 1 Valid module addresses 


P20 


don’t care 
GND 
AVP 1 


VP 
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OPERATION (continued) 
Tuning 
Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE | DATA/CONTROL BYTE 
D7 Dg Ds Dg 03g °° Dy Dy Do 
freq. F7 F6 F5 «=F4 F3. F2 F1 FO 
TCDO AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 
TCD1 VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUSi TUSO 


TCD2 


0 0 0 0 AFCP FDIVM TDIRD TDIRU 


: . 7290125 
Fig. 4 Tuning control format. 


Frequency 


Frequency is set when bit !7 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


HA WA us uV 
1* 


0 30" i 
1 29 8 8 
0 110 30 30 
1 875 250 250 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 


Tuning sensitivity 


To be able to program an optimum loop gain, the charge !T can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHNT1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


typ. AVTUNmin at CINT = 1 HF 
mV 


* Values after reset. 


Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUjy to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VU at: 
vir ie <12V 12 to 18 V 18 to 24 V > 24V 


* * 1* * 
1 
2 
4 


* Values after reset. 


DEVELOPMENT DATA 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af| is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 


Table 5 Tuning window programming 


|Af] (kHz) tuning window (kHz) 
O* 


50 
150 


* Values after reset. 


| June 1983 ~ 509 


SAB3037 


OPERATION (continued) 
A.F.C. 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 


a.f.c. hold range (kHz) 
O* 


700 
1500 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


typ. transconductance (uA/V) . 


* Value after reset. 


A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP = logic 1, 
VTUN Tises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


FDIVM prescaler division factor cycle period (ms) 


256 6,4* 
64 2,56 


* Values after reset. 


measuring window (ms) 


5,12* 
1,28 
Tuning direction 


Both tuning direction bits, TDIRU (up) and TD! RD (down), are at logic O after reset. 
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Control 


The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/contro! bytes. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 
P23, P22, P21, P20 Open collector !/O ports. If a logic O is programmed on any of the POD bits 


D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


DACX Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic O, or after reset has been activated. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


POD 


DACX 


7290126 


Fig. 5 Control programming. 


Read 


Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The forrnat of the information bytes is shown in Fig. 6. 


DEVELOPMENT DATA 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


By Bg By By Bz Bo By Bg 


PRESS PeeSreee 
7290130 R/W I [ tL MWN [ le from master 
RESN PI20 


FOV P121 
FL/ON PI22 
FL/1N PI23 
FLOCK P22/0N 
P22/1N 
P23/0N 

P23/1N 
from CITAC from master 


Fig.6 Information byte format. 


LATO SC TA A TET 
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OPERATION (continued) 


Tuning/reset information bits 


FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/iN Set to logic O (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

FL/ON As for FL/1N but is set to logic O when FLOCK changes from 1 to 0. 

FOV Indicates frequency overflow. When the tuner oscillator frequency is too high with 


respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


RESN Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 


MWN MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 


When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 


Port information bits 


P23/1N, P22/1N = Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 


P23/0N,P22/0N _ As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to- LOW transition. 


P|23, PI22,P121, Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
P120 indicates a HIGH input level. 


Reset 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


GENERAL CALL ADDRESS HEX06 


7290128 


Fig. 7 Reset programming. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage ranges: 


(pin 13) Vpq —0,3 to +18 V 
(pin 19) Vp2 —0,3 to +18 V 
(pin 14) Vp3 —0,3 to +36 V 
{nput/output voltage ranges: 
(pin 2) VsDA —0,3 to +18 V 
(pin 3) VscL —0,3 to +18 V 
(pins 4 to 7) Vp2x —0,3 to +18 V 
(pins 8 and 9) VAFC+,AFC— —9,3 to Vpq1* V 
(pin 10) VT —0,3 to Vpy* V 
(pin 12) VTUN —0,3 to Vp3* V 
(pins 15 to 18) VP1Xx —0,3 to Vp9**V 
(pin 20) VEDIV —0,3 to Vp;* V 
(pin 21) Vosc —03 to +5 V 
(pins 1 and 22 to 24) VDACX —0,3 to Vpi* V 
Total power dissipation Prot max. 1000 mW 
Storage temperature range T stg —55 to +125 OC 
Operating ambient temperature range Tamb —20 to +70 °C 


DEVELOPMENT DATA 


* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp9 if current is limited to 200 mA. 
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CHARACTERISTICS 
Tamb = 25 °C; vel VP2. Vp3 at typical voltages, unless otherwise specified 


ens Cea 


Supply voltages 


Supply currents (no outputs loaded) 


_ Additional supply currents (A) 
(note 1) 
Total power dissipation 
Operating ambient temperature 


1? bus inputs/outputs 


SDA input (pin 2); 
SCL input (pin 3) 


Input voltage HIGH (note 2) 

Input voltage LOW 

Input current HIGH (note 2) 

Input current LOW (note 2) 

SDA output (pin 2, open collector) 
Output voltage LOW at Io, =3 mA 
Maximum output sink current 


Open collector !/O ports 


P20, P21, P22, P23 
(pins 4 to 7, open collector) 


Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, = 2mA 


Maximum output sink current 
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Or 


A.F.C. amplifier 
Inputs AFC+, AFC— (pins 8, 9) 


Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 


Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used 


Input offset voltage 
Common mode input voltage 
Common mode rejection ratio 
Power supply (Vp7) rejection ratio 


Input current 


Tuning voltage amplifier 
Input TI, output TUN (pins 10, 12) 
Maximum output voltage at 

Noad = +2,5 mA 
Minimum output voltage at 

load = + 2,5 mA: 


VTMI1 VTMIO 
0 0 
1 0 

1 


Maximum output source current 


Maximum output sink current 
Input bias current 


Power supply (Vp3) rejection ratio 
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CHARACTERISTICS (continued) 


Coeaneer SSSS~d inv [| 


Tuning voltage amplifier (continued) 
Minimum charge IT to tuning voltage amplifier 


TUHN1 TUHNO 
0 
1 
0 
1 


Tolerance of charge (or AVTYN) 
multiplying factor when 
COIB and/or TUS are used 


Maximum current i into tuning amplifier 


TUHN1 TUHNO 
0 0 
0 
1 
1 


1 
0 
1 


Correction-in-band 


Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V 


Band-select output ports 
P10, P11, P12, P13 (pins 15 to 18) 


Output voltage HIGH at 
—lOH = 50 mA (note 3) 


Output voltage LOW at Io, = 2mA 
Maximum output source current (note 3) 


Maximum output sink current 


FDIV input (pin 20) 


Input voltage (peak-to-peak value) 
(trise and taj) < 40 ns) 


Duty cycle 

Maximum input frequency 
Input impedance 

Input capacitance 
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Computer interface for tuning and control (CITAC) 


parameter 


OSC input (pin 21) 
Crystal resistance at resonance (4 MHz) Rx = = 


DAC outputs 0 to 3 
(pins 22 to 24 and pin 1) 


Maximum output voltage (no load) 


at Vp1 = 12 V (note 4) VDH 10 — 
Minimum output voltage (no load) 

at Vp1 = 12 V (note 4) VDL 0,1 — 
Positive value of smallest step 

(1 least-significant bit) AVDH 0 = 


Deviation from linearity 


Output impedance at Ijggg = +2mA Zo — — 
Maximum output source current —IDH — — 
Maximum output sink current IDL ~ 8 
Power-down-reset 
Maximum supply voltage Vp_ at which 
power-down-reset is active Vpp 7,5 |— 
Vp1 rise-time during power-up 
(up to Vpp) tr 5 _ 
Voltage level for valid module address 
Voltage level at P20 (pin 4) for valid module 
address as a function of MA1, MAO 
MAO 
0 Vvyaoo | —93  |- 
1 Vvao1 | 793 |~ 
0 VVA10 | 2,9 = 
1 Vvai1 | Vp1—9,3}— 


Notes to the characteristics 


1. For each band-select output which is programmed at logic 1, sourcing a current | 
tional supply currents (A) shown must be added to Ip9 and I|p3 respectively. 


2. If Vpq <1 V, the input current is limited to 10 uA at input voltages up to 16 V. 


SAB3037 


150 Q2 


OHP1x, the addi- 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 


circuited to ground for several seconds the device may be damaged. 
4. Values are proportional to Vpq. 
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12C BUS TIMING (Fig. 8) 


1?C bus load conditions are as follows: 
4 kQ pull-up resistor to +5 V; 200 pF capacitor to GND. 


All values are referred to Vjpy=3 V and Vj; = 1,5 V. 


— lee [eee 


Bus free before start 


— Ms 


Start condition set-up time 


Start condition hold time 
SCL, SDA LOW period 
SCL HIGH period 


SCL, SDA rise time tR 

SCL, SDA fall time tr 

Data set-up time (write) tsu,DAT 
Data hold time (write) tHD,DAT 
Acknowledge (from CITAC) set-up time tsuU,CAC 

Acknowledge (from CITAC) hold time tHD,CAC 
Stop condition set-up time tsu,STO 

Data set-up time (read) tsu,RDA 
Data hold time (read) tHD,RDA 


Acknowledge (from master) set-up time 


Acknowledge (from master) hold time 


Note 


Timings tgy DAT and typ DAT deviate from the I’ C bus specification . 
After reset has been activated, transmission may only be started after a 50 us delay. 


SDA 
(write) 
<-'BUF > 
SCL 
———__-_»> <p 
tsu,STA  ‘'tHD,STA tsu, STO 
SDA ‘A' from 
(read) master 
$$ = —$ Bor > _ — << 
tsu, RDA tHD, RDA tsu, MAC tHD, MAC 7290131 


Fig. 8 |?C bus timing SAB3037. 
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SAF1032P 
SAF1039P 


REMOTE CONTROL SYSTEM FOR INFRARED OPERATION 


The SAF1032P (receiver/decoder) and the SAF 1039P (transmitter) form the basic parts of a sophis- 
ticated remote control system (pcm: pulse code modulation) for infrared operation. The !Cs can be 
used, for example, in TV, audio, industrial equipment, etc. 

Features: 


SAF1032P receiver/decoder: 

@ 16 programme selection codes 

@ automatic preset to stand-by at power ‘ON’, including automatic analogue base settings to 50% and 
automatic preset of programme selection ‘1’ code 

®@ 3 analogue function controls, each with 63 steps 

@ single supply voltage 

® protection against corrupt codes. 


SAF1039P transmitter: 

@ 32 different control commands 

@® static keyboard matrix 

® current drains from battery only during key closure time 
@ two transmission modes selectable. 


The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 

Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 


ne aie i a re ie Ma os a 
ros ol Tal ] Fal MAIN HZLD Yop TRY1 TRY3 oT 


fe ol fe LT GS) Pa ff 


SAF1032P SAF 1039P 


ee BE es 2 a Be eG 

L30T | LPT BINC BINA 7 TRXO | TRX2 | TROT | TROS 
L2OT ail Sie cat ae Ha sin iss 
7Z74348 72743491 


Fig. 1 Pin designations. 


PACKAGE OUTLINES 


SAF1032P: 18-lead DIL; plastic (SOT-102A). 
SAF1039P: 16-lead DIL; plastic (SOT-38Z). 
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PINNING 

To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown 
below. 

SAF 1032P 

1 L3OT linear output 10 HOLD control input 

2 L2Q0T linear output 11 DATA data input 

3 L1iOT linear output 12 MAIN reset input 

4 BIND binary 8 output 13 OSC! clock input 

5 BINC binary 4 output 14 SELD binary 8 output 

6 BINB binary 2 output 15 SELC binary 4 output 

7 BINA binary 1 output 16 SELB binary 2 output 

8 TVOT on/off input/output 17 SELA binary 1 output 

9 Vss | 18 VDD 

SAF 1039P 

1 TRXO keyboard input 9 TRO1 oscillator control input 
2 TRX1 keyboard input 10 TRO2 oscillator control input 
3 TRX2 keyboard input 11 TRSL keyboard select line 

4 TRX3 keyboard input 12 TRY3 keyboard input 

5 TRDT data output 13 TRY2 keyboard input 

6 TINH inhibit output/mode select input 14 TRY1 keyboard input 

7 TRO@S oscillator output 15 TRYO keyboard input 

8 Vss 16 VppD 
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Remote control system for infrared operation 


BASIC OPERATING PRINCIPLES 


The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit-locations Bg to Bg represent the generated key-command code. To cope with IR 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 


Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with a code defined by 
the stored data bits, and an internal operation can also take place. See operating code table. 


The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 
can be obtained by using simple integrated networks. For local control a second transmitter chip 

(SAF 1039P) is used (see Fig. 7). 


FORMAT 


(1) 


> <+—Tp 


rt ry ft rt i 
ODE ee daad tee? earyes 
MODE1 i! an m4 an 14 
y burst of 26 oscillator periods 
a a a a a 
DATA a a a a ry] 
MODE 2 a a a a ] 
yo key down 
TINH 


<.________- start code Oh oO data bits i 


one data word 


el a er ree EUR eet 


32x Tp =32x a ms!2) 7274354.2 
t 


(1) Tg = 1 clock period = 128 oscillator periods. (2) f, in kHz. 


Fig. 2 Pattern for data to be transmitted. 


TIMING CONSIDERATIONS 


The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, but correlation between them must exist. Calculation of these timing 
requirements shows the following. 


With a tolerance of +10% on the oscillator frequency (f,) of the transmitter, the receiver oscillator 
frequency (f, = 3 x f,) must be kept constant with a tolerance of +20%. 

On the other hand, the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary 25% in duration. 
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GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 


SAF 1039P 


ENCODING OUTPUT 
GATING 
SCALER 
OSCILLATOR 2? 


N 
BB 

a@ 

e 

10 


9 


INPUT 


72743504 


Fig. 3 Block diagram of SAF 1039P transmitter. 


Any keyboard activity on the inputs TRX0O to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TRDT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 


This means that for each key-bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 


The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x Tg ms, where Tg = 27/f;. 


Operation mode 


DATA FUNCTION OF TINH 
1 unmodulated: LOCAL operation output, external pull-up resistor to Vop 
2 modulated: REMOTE control input, connected to Vssg 
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Remote control system for infrared operation 


GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 


10) H@LO £ BINARY OUTPUT BINARY SELECT LINEAR 1 precy 
FLAGS (BINF) FLAGS (SELF) REGISTER CONVERSION 


(LIN4) (D/A) 


LINEAR 2 DIGITAL TO 

REGISTER poco 
(LIN2) CONVERSION 

(D/A) 


LINEAR 3 DIGITAL TO 


ANALOGUE 

BUFFER ANALOGUE 

REGISTER DECODER re CONVERSION 
(BFR) (ANDEC) (LIN3) (D/A) 


DATA SHIFT MPARATOR COMPARATOR MAIN 
REGISTER re au ? COUNTER 
(SRDT} (COMP) 


| BIT COUNTER 
‘OQ’ Kak 


pe TIMER COUNTER PRESET 
(CST@) (CTIM) (PREST) 


SAF1032P 


72764352 


Fig. 4 Block diagram of SAF 1032P receiver/decoder. 


The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 
diagram above. 


Part | 


This part decodes the applied DATA information into logic ‘1' and ‘0’. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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Part Il 


This part stores the programme selection code in the output group (BINF) and memorizes it for 
condition HOLD = LOW. 


It puts the functional code to output group (SELF) during data accept time, and decodes the internally 
used analogue commands (ANDEC). 


Part III 
This part controls the analogue function registers (each 6-bits long), and connects the contents of the 


three registers to the analogue outputs by means of D/A conversion. During sound mute, output L1OT 
will be forced to HIGH level. 


Part IV 


This part keeps track for correct power ‘ON’ operation, and puts chip in ‘stand-by’ condition at supply 
voltage interruptions. 


The logic design is dynamic and synchronous with the clock frequency (@SC1), while the required 
control timing signals are derived from the bit counter (BITC). 


Operation 


Serial information applied to the DATA input will be translated into logic ‘1’ and ‘0’ by means of a 
time ratio detector. 


After recognizing the start code (CST@) of the data word, the data bits will be loaded into the data 
shift register (SRDT). At the first trailing edge of the following data word a comparison (K@M) takes 
place between the contents of SRDT and the buffer register (BFR). If SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (C@MP). 


As shown in the operating code table on the next page, the 4-bit wide binary output buffer (BINF) will be 
loaded for BFRO= ‘0’, while for BF RO = ‘1’ the binary output buffer (SELF), also 4-bit wide will be 
activated during the data accept time. 

At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits long) are controlled over 63 steps, with minimum and maximum 
detection, while the D/A conversion results in a pulsed output signal with a conversion period of 

384 clock periods (see Fig. 5). 

First power ‘ON’ will always put the chip in the ‘stand-by’ position. This results in an internal 

clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base value). The programme selection ‘1' code will also be prepared and all the outputs will be non- 
active (see operating output code table). 

From ‘stand-by’ the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OFF output (TV@T) to zero for at least 

2 clock periods of the oscillator frequency. 

For POWER ON RESET a negative-going pulse should be applied to input MAIN, when Vpp its 
stabilized; pulse width LOW 2 100 us. 


a —o clock periods 
ANALOGUE PULL] PU 
OUTPUT ncars 
(50 %o contents) |4 384 clock periods 


= 


Fig. 5 Analogue output pulses. 
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programme 
select + ON 
programme 
select + ON 
analogue base 
reg. (LIN3) + 1 
reg. (LIN2) + 1 
reg. (LIN1) + 1 
OFF 

reg. (LIN3) — 1 
reg. (LIN2) — 1 


D 


1 
1 
1 
1 
0 
1 
1 


Fe PPO TO? El" — =" SKS EF i OS™ 


C 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
0 


A 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 


x xX KOK XK 
OCo0004reKe-- OCOCOK KKH He KK KKOXK XK 
OCOO--0O004r- CORK RK OOK - KKKXKOXKX 
Or Or O- O- O- O- Or Or xx KX KOK XK 


BINF SELF 
(BIN.) (SEL.) 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
1 

1 


buffer 
BFR 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 0 0 
0 
0 0 0 0 
1 
1 
1 
1 
0 
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OPERATING CODE TABLE 


key-matrix 
position 
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mute (set/reset) 


reg. (LIN1) — 1 
- functions 
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0 


1 


B 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
Xx RK XK X 


1 


Reset mute also on programme select codes, (LIN1) + 1, and analogue base. 


Note 
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OPERATING OUTPUT CODE 


‘stand-by’ OFF 
via remote 


ON — ‘not hold’ condition 
non-operating 


ON — ‘hold’ condition 
non-operating 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 

Input voltage 

Current into any terminal 
Power dissipation (per output) 
Power dissipation (per package) 
Operating ambient temperature 
Storage temperature 
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Vpp-Vss 


O 
Prot 
Tamb 
T stg 


—0,5to11 V 
max. 11 V 
max. 10 mA 
max. 50 mW 
max. 200 mW 
—40to +85 °C 
—65 to +150 °C 
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Remote control system for infrared operation 


CHARACTERISTICS 
Tamb = 0 to +85 °C (unless otherwise specified) 


SAF 1039P only 


Recommended supply voltage 
Supply current 


quiescent 


operating; TRO1 at Vss; 
outputs unloaded; 
one keyboard switch 
closed 


Inputs (note 1) 

TR@2; TINH (note 2) 
input voltage HIGH 
input voltage LOW 
input current 


Outputs 
TRDT; TROS; TRO1 
output current HIGH 
at VoOH = Vpp —0,5 V 
output current LOW 
at Vo, = 0,4 V 
TRDT output leakage 
current when disabled 
Vo = Vss to Vpp 
TINH 
output current LOW 
VoL =0,4 V 
Oscillator 


maximum oscillator 
frequency 


frequency variation with 
supply voltage, temperature 
and spread of IC properties 
at fnpom = 36 kHz (note 3) 


oscillator current drain 
at fhom = 36 kHz 


Notes follow characteristics. 
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CHARACTERISTICS 
Tamb = 0 to +85 °C (unless otherwise specified) 


SAF 1032P only 


ee ee 


Recommended supply voltage 


Supply current 
10 25 


quiescent 10 85 


operating; IG = 0; at 

@OSCI frequency of 100 kHz |. 
Inputs 

DATA; @SCI; HOLD; 

TVOQT (see note 4) 

input voltage HIGH 

input voltage LOW 


10 all 


8to 10! all 
8to10)| all 


MAIN; tripping levels 
input voltage increasing 
input voltage decreasing 


5to 10; all 
5to 10) all 


input current; all inputs 
except TVOT 


input signal rise and fall 
times (10% and 90% Vpp) 
all inputs except MAIN 


10 25 


8to 10} all 


Outputs 

programme selection: 
BINA/B/C/D 

auxiliary: 
SELA/B/C/D 

analogue: 
L3@T; L2OT; L1OT 
TVQT (note 4) 

all open drain n-channel 

output current LOW 
at Vo_ = 0,4 V 


output leakage current 
at Vg = Vss to Vpp 


For note 4 see next page. 
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Remote control system for infrared operation 


Notes to characteristics 
1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 


If one key is depressed, the circuit generates the corresponding code. The number of keys 
depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (Vpp) and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 


If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 
depressed at the same time with Vpp = 7 V. At a leakage due to a 1 MQ resistor connected to each 
keyboard input and returned to either Vpp or Vsg, the circuit recognizes at least 2 keys depressed 
at a time with Vpp = 7 V. 


The highest permissible values of the contact series resistance of the keyboard switches is 500 &2. 
2. Inhibit output transistor disabled. 
3. Af is the width of the distribution curve at 2 o points (o = standard deviation). 


4. Terminal TVQ@T is input for manual ‘ON’. When applying a LOW level TV@T becomes an output 
carrying a LOW level. 
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APPLICATION INFORMATION 


33 2 
Vop aes i 


— BC548B 
9V LF uF 


BZX75 


C1 
150 pF 
(2 %) 


S_ ly. 
Nique-e S: saturation 


~ ay B: brightness 
V:volume 
| Cig) 
ay, 
7274353.2 


Fig. 6 Interconnection diagram of transmitter circuit SAF 1039P in a remote 
control system, for a television receiver with 12 programmes. 
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TDB1033 


Vop (+9V) 


39k22 


1/4HEF4011B I 
AT nF 1/4HEF4011B 


PULSE 
STRETCHER 
(2 x 1/4 HEF 4011B) 


(f. = 35,7 kHz) 
z eenk e OSCILLATOR 
(2x 1/4 HEE40118B) 


2 3,3 uF r 
wu 68 uF 1/4HEF4011B 


Vss 


+12V 


POWER ON 


uoi}e4ado paseajul 10} Wa}SAS 101]U09 aJOoWaY 


BAW62 


100kQ2 


to programme 
selection 


switch ICs 
Pee 


+ + + 
S B Vv 


Fig. 7 Interconnection diagram showing the SAF 1032P and SAF 1039P used in a TV control system. 


for interface 
see Fig. 8 
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SAF1032P 
SAF1039P 


volume 
(pin 5; TBA750) 
BC558 


10kN 


10k 100 kN 


brightness 
(pin 11; TDA2560) 


Wists +12V 


10kA 


10kQ. 100 kQ. 


saturation 
(pin 16; TDA 2560) 


Vop 33k0N 
to pin9 of TDA2581 


to pin 4 of TDA2581 
BC548 


100 nF 
', il 7Z74354.1 


Fig. 8 Additional circuits from outputs L1OT (1), L2OT (2), L38@T (3) and 
TVOQT (4) of the SAF1032P in circuit of Fig. 7. 
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CLOCK/TIMER WITH SERIAL I/O 


FSET MIN SEC Vpop 
10 
32768 Hz | 15V 
osco }14 
owes PRESCALER SECONDS POWER-ON 
Ea OSCILLATOR | 4. COUNTER 
Oscl 1:2 RESET Vssi 
1:60 
Ls 
Ve 
SS2 
VDD Ls 50 Hz i 
FSO INTERFACE | 
| TIME COUNTER POWF 
CONTROL | “its 
MINUTES —» HOURS —> bate . MONTH 7 
LS 
[1 os 
a 
COMPARATOR COMP 
cpus a ae 
INPUT/OUTPUT 3 
REGISTER TIME REGISTER LS TEST 
te we 
7284545 .4 
DATA DLEN CLB ; ; 
Fig. 1 Block diagram. 
Features 


® serial bidirectional CBUS interface for input/output of minutes, hours, day and month 
additional pulse outputs for seconds and minutes 

time register for presetting a time for alarm or remote switching functions 

battery back-up for clock function during supply interruption 

controlled either by the 50 Hz mains frequency or a crystal oscillator (automatic switch) 


QUICK REFERENCE DATA 


Supply voltage VDD typ. 5 V 


Battery supply voltage range same : a a sn “ ie - a : 

Crystal oscillator frequency fosc typ. 32768 Hz 
Alternative input frequency (pin 2) fF50 typ. 50 Hz 
Operating ambient temperature range Tamb —40 to +85 °C 


Lee enema rte renter renee Seen nen ert nett AAah nA SN AAANhGS 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38DE). 
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GENERAL DESCRIPTION 


The SAF3019 is a C-MOS integrated circuit comprising a digital clock for minutes, hours, day and 
month, as well! as an additional register for resetting minutes, hours, day and month. The time counter 
provides cycles of 28, 30 or 31 days automatically, depending on the length of the month. 


The time reference is the 50 Hz mains frequency or a 32 768 Hz on-chip reference oscillator with an 
external crystal. If the 50 Hz mains frequency is interrupted, the circuit is automatically switched to 
crystal oscillator operation. 


The circuit can be controlled by a microcomputer. The data transmission (e.g. TIME SET and TIME 
READ of the time counter and time register) is achieved via the CBUS. A microcomputer then controls 
the data processing and the display unit drive. 

The circuit uses a 5 V supply for data transmission. If this 5 V supply is interrupted, the clock function 
is maintained by a 1,5 V battery. The clock can then continue to function for an extended period, 
because the battery load current is only a few pA. 


OPERATION DESCRIPTION 

Oscillator and prescaler (outputs OSCO, FSET; inputs OSCI, F50) 

The 32 768 Hz reference oscillator is achieved by connecting a quartz crystal between the output OSCO 
and the input OSCI (see also Fig. 7). The oscillator frequency of 32 768 Hz is divided by 256, and again 
by 128, in a prescaler. This results in a pulse once every second which controls the time counter. The 
divided-by-256 oscillator frequency (128 Hz) is available at FSET, which is used for fine-adjustment 

of the oscillator without loading it. 

The circuit can also be operated by applying the 50 Hz mains frequency to input F50. This signal is 
divided-by-50 to obtain a pulse every second to drive the time counter. Input F50 has a Schmitt trigger 
characteristic which allows slowly rising pulses at this input. 


If the mains frequency is interrupted, automatic quartz crystal operation is obtained (see Fig. 8). When 
the 50 Hz operation is not used, input F50 should be connected to ground (Vss9). 


Time counter (outputs SEC, MIN) 


The one-second pulses are counted by a (no direct TIME READ) seconds counter and, after 60 seconds, 
they are transferred to successive counters for minutes, hours, day and month. This counter can be 
TIME SET and TIME READ by a microcomputer via the CBUS interface. The cycle length for the 

time counter is given in Table 1. 


The seconds and minutes pulses are avilable at output SEC and MIN respectively, with a pulse ratio of 
0,5. 

The input/output DATA is set LOW at each transfer of seconds to the minutes counter (i.e. each 
minute), as long as the CBUS is not occupied by a DLEN = HIGH transmission. 


DATA will be set HIGH again by a TIME ADDRESS/TIME READ or TIME SET instruction. 


May 1983 


Clock/timer with serial 1/O SAF3019 


Table 1 Cycle lengths of time counter 


content of 
month counter 


carry for 
following unit 


counting 
cycle 


unit 


minutes | OO.........59 | 59 —m QO | Wi... 


hours 5 erator 2° Od pons 
days | O11... 

nelmieas 31 —., O01 1,3, 5, 7, 8, 10, 12 
months | O11... 12 —., 01 


* The day counter may be set to 29.2. by a TIME SET instruction (for a leap year), then the month 
transfer occurs at 1.3. 


Comparator (output COMP; input NODA) 


The time register for a preset switching time (alarm or remote switching) is a 24-bit memory, which can 
also be set and read-out via the CBUS interface. |f both the times of the time counter and the time 
register are equal, the output COMP becomes HIGH for one minute. 


It is possible to choose a comparison between time counter and the time register either based upon 
minutes, hours, day and month (i.e. clock time and date) or minutes and hours (i.e. daily). It is 
controlled by bit ‘UC’ and input NODA (see also Table 3) during setting of the month register; 


comparison with date: UC = 0 and NODA = LOW 
comparison daily: UC=1o0r NODA= HIGH. 


CBUS interface 


The data transmission of the SAF3019 to the microcomputer (TIME READ) and vice versa (TIME 
SET) is possible via the CBUS; DATA (input/output), DLEN (input) and CLB (input). 


Data and addresses are transmitted serially via the DATA line, which are synchronized with the clock 
burst (CLB) pulses from the microcomputer. The duration of the data transmission is determined by 
the number of CLB pulses when DLEN = HIGH. 


The IC includes a word format checking function, which allows the CBUS to be used for controlling 
other circuits as well. The following word lengths are recognized as valid transmissions: 

@ TIME ADDRESS (3-bits and 1 start bit); 

@® TIME SET (10-bits and 1 start bit). 


A TIME ADDRESS instruction always has to be followed by a TIME READ (7-bits) sequence. A TIME 
SET instruction combines address and data. With each instruction (each TIME ADDRESS and TIME 
READ instruction cycle) two digits of the time counter and time register can be set. The result is, that 
for acomplete TIME READ and TIME SET transmission, 4 cycles TIME ADDRESS/TIME READ or 

4 TIME SET instructions are needed. 
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H 
DLEN Y | | | 
L 


test on start-bit 


| | >| tausy — 
CLB 
load pulse 
H -- 
DATA } 
bit no. 0 1 2 n 7284542.1 
Fig. 2 CBUS data transmission. 
V 
H V 
DLEN 1H 
V 
IL 
Vss2 
Vpp ae 
ViH ' 
CLB ! 
Vit ViL ViL 
Se ee = 
V 
1H 
- ce 
V 
IL 
Vgs2 carey eo 
{> —— | <-> <_——P| |< 
tSuUEN tsuDA|| tHDDA tsup! tsuLD 


. WH ty 


ENABLE DATA DATA DISABLE LOAD 


7286339.1 


Fig. 3 CBUS timing. 
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Clock/timer with serial 1/O SAF3019° 


TIME READ 


First the bits S, AO and A171 are transferred from the microcomputer to the SAF3019 with the TIME 
ADDRESS instruction. With the next instruction (TIME READ), the contents of the selected digits are 
transferred from the SAF3019 to the microcomputer. 


H 
DLEN | 
L mal | 


| a | units | tens | 
data is input data is output ale 
TIME ADDRESS TIME READ 


Fig. 4 TIME ADDRESS/TIME READ cycle. 


Table 2 Selected digits with respect to the address bits and the TIME READ instruction function. 


0 1 D D D D D D D minutes 
0 0 D D D D D D 0 hours time read 
0 1 D D D D D D 0 date counter 
0 0 D D D D D 0 0 month 
1 1 D D D D D D D minutes 
1 1 D D D D D D 0 hours time read 
1 0 D D D D D D 0 date register 
1 0 D D D D D 0 0 month 

D = data bit. 

TIME SET 


The TIME SET instruction transfers the address bits S, AO and A1 as well as the selected digits of the 
BCD-coded incoming data from the microcomputer to the SAF3019. The last bit (UC) can control special 
functions. A TIME SET instruction will not stop the time counter, and also will not generate a non- 
selected digit for transmission. 

The prescaler and seconds counter are reset with the TIME SET instruction when S = 0, AO=0, A1=0 
(addressed for month) and UC = 0. If the seconds counter is between 30 and 59, this instruction 
generates a transfer for the minutes counter. Therefore, this instruction may be used for a very simple 
correction of the time counter if the deviation is within +30 seconds. 
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| address | units | tens 


7284543.1 


Fig. 5 Data format for TIME SET instruction. 


Table 3 Selected digits with respect to the address bits and the possible TIME SET instruction function. 


instruction 


minutes 

hours time set 

date counter 
* month 


{ reset 
| counter 


x OUDND 


seconds 


minutes 
hours 
date 
month* 
month* * 


time set 


register 


oUuUUC UO 
xxKxoOO0 


a 
Oo 
Bi 
- 
> 
or 
es) 
oU0UU00 x 2000/5 
a 
Oo 
= 
> 
5 
oo 
5 
?) 


D = data bit; X = 1 or O. 


* Compare with date. ** Compare without date. 


Level shifters | 


The circuit has been designed for low-voltage operation. However, to interface with the microcomputer, 
most inputs and outputs have level shifters to operate with the 5 V supply voltage of the micro- 
computer. These level shifters only function when the 5 V supply (Vpp) is available. The internal 
clock function is independent of this supply. 


Power failure (output POWF) 


If the supply voltage Vpp-Vss1 is below a certain internal value (VpQwe), the power-failure output 
(POWF) is set HIGH. The threshold voltage Vpowe_ is lower than the minimum battery voltage 
Vpp-Vss1.- This battery is required as back-up for the logic circuitry. It is impossible to have data 
transmission via the CBUS when Vpp-Vss1 < Vpowe, however, the clock will continue running as 
long as Vpp-Vssq does not drop to a lower value. The CBUS is released directly when Vpp-Vss1 
becomes larger than Vpgwr, but POWF stays HIGH until the next TIME SET instruction, which sets 
POWF LOW again. 


N.B. The 5 V supply voltage (Vpp-Vss2) must be switched off when exchanging the battery. 
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Clock timer with serial 1/O SAF3019 


TEST input 


The TEST input is used for testing purposes and it is connected to ground (Vss9) for normal operation. 


PINNING 
16 Vpop 
15 Vss1 
8 Vsgs2 
4 DATA 
5 DLEN 
6 CLB 
1 NODA 
12 TEST 
2 F50 
13 OSCI 
14 OSCO 
10 SEC 
9 MIN 
COMP 
7 POWF 
11 FSET 


SAF3019 


7Z84539.2 


Fig.6 Pinning diagram. 


common positive supply (5 V; Vp = 1,5 V) 
negative battery supply (Vp) 
ground (Vpp) 


data input/output 
data line enable input ! CBUS (bidirectional) 
clock burst input 


comparator mode select input 
test mode input (normally ground) 
50 Hz mains frequency input 


input and output of the on-chip oscillator 


1 pulse per second output 
1 pulse per minute output 
comparator output 

power failure output 


frequency setting signal output (128 Hz) 
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SAF3019 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage ranges 


Voltage on any pin (except OSCI, OSCO) 


Voltage on pins OSCI, OSCO 

Input currents 

Output currents 

Power dissipation per output 

Total power dissipation per package 


Operating ambient temperature range 


Storage temperature range 


D.C. CHARACTERISTICS 


Vpp —Vss1 —05to+8 V 
Vop — Vss2 —0,5to+8 V 
Vj Vss2 —0,6 to Vpp + 0,6 V 
Vy Vss1 —0,6 to Vpp + 0,6 V 
ty | max. 10 mA 
lol max. 10 mA 
Po max. 100 mW 
Prot max. 200 mW 
Tamb —40 to+ 85 OC 
Tstg —65 to+ 150 °C 


Vss2 = 0 V; Vpp = 4,5 to 5,5 V; Tamb = —40 to + 85 OC; unless otherwise specified 


parameter 


Supply voltage 
Battery voltage 


Time keeping battery voltage 
Supply current 
Battery current 


Inputs DLEN, DATA, CLB, 
F50, NODA 
Input voltage HIGH 


Input voltage LOW 
Input current at Vj = Vss9 


or Vpp 
Input F50 hysteresis 


Outputs SEC, MIN, COMP, 
POWF 
(buffer outputs) 


Output voltage HIGH 
Output voltage LOW 
Output DATA 
(N-channel open drain) 
Output voltage LOW 
Output leakage current 


* 


conditions 
with respect to Vss9* 


between Vpp and Vss 
at Tamp = 0 to 70 °C 


lo =O mA** 
VB=1,5V 


Vpop = 9,5 V 
AV= Vin ~ VIL 


—l9 =0,5 mA 
lo = 1,6 mA 
lo = 1,6 mA 


Vo = 5,5 V (HIGH) 


min. — typ. 


VDD 
VB 
VB 
VBO 
—Isso 
—Iss1 


max. 


VIH 
ViL 


All outputs are available down to Vss9 = Vp at reduced current capability. 


** V1 = Vss2 or Vj = Vpp at all inputs; quartz crystal oscillator operation: 
f = 32 768 Hz, series resistance of crystal Rg max = 25 kQ (40 kQ for 0 to + 70°C), Cy; = 10 pF. 
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Clock/timer with serial 1/O SAF3019 


A.C. CHARACTERISTICS 
Vss2 =0 V; Vpp = 4,5 to 5,5 V; Tamb = —40 to + 85 OC; unless otherwise specified 
See Figs 2 and 3 for all timing. 


Inputs DLEN, DATA, CLB, NODA 

Rise and fall times jks 
CLB pulse width HIGH Us 
CLB pulse width LOW - Ls 


Data set-up time 
DATA —®» CLB LS 


Data hold time 
DATA —* CLB LS 


Enable set-up time 
DLEN —®» CLB LS 


Disable set-up time 

CLB —®» DLEN MS 
Set-up time 

DLEN —® CLB (load pulse) Us 


Busy-time from load pulse 
to next start of transmission ys 


CLB frequency kHz 


Input F50 
Rise and fall times notes 1 and 2 ms 
Pulse width HIGH Us 


Pulse width LOW MS 


Oscillator (OSCI, OSCO) 
Series resistance of crystal f = 32 768 Hz kQ 


0 to 70 PC kQQ 


Load capacitance pF 


Notes 
1. All timing values are referred to Vj} and Vj, within a voltage swing of minimum Vss9 to Vpp. 
2. The supply current Igco increases at slow rise/fall times. 
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APPLICATION. INFORMATION 


32 768 Hz 


Osco 
F50 
MICROCOMPUTER 
NODA . 
SAF3019 (e.g. MAB8021) 
TEST 


Z 


FSET SEC MIN 


KEYBOARD 
7Z284540.3 


Fig. 7 Typical application of the SAF3019 in a microcomputer controlled system 


—_>| 


se | SAF3019 
‘7 


7Z88149.1 


Fig. 8 Circuitry for applying the 50 Hz mains to input F50. 
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SOUND I.F. AMPLIFIER/DEMODULATOR FOR TV 


The TBA120U is an i.f. amplifier with a symmetrical FM demodulator and an a.f. amplifier with 
adjustable output voltage. The a.f. amplifier is also provided with an output for volume control and 
an input for VCR operation. 

The input and output of the TBA120U are especially designed for LC-circuits, but the input can also 
be used with a céramic filter. 


QUICK REFERENCE DATA 


Supply voltage (pin 11) Vp typ. 12° V 
Supply current Ip typ. 13,5 mA 
|.F. voltage gain at f = 5,5 MHz Gy if typ. 68 dB 
Input voltage starting limiting Vj typ. 30 wV 
AM suppression at Af = + 50 kHz a typ. 6C dB 
A.F. output voltage adjustment range (pin 8) AVo af typ. 85 dB 
A.F. output voltage at Af = + 50 kHz (r.m.s. value) 

at pin 8 Voaf(rms) typ. 1,2 V 

at pin 12 Voaf(rms) typ. 1,0 V 

Vp VAF 


a.f. 


af. 
(adjustable) 


7Z84978 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
14-lead DIL; plastic (SOT-27K, M, T). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 11) 

Adjustment voltage (pin 5) 

Total power dissipation 

By-pass resistance 

Storage temperature range 

Operating ambient temperature range 


CHARACTERISTICS 
Vp = 12 V; Tamb = 25 OC; f = 5,5 MHz 
1.F. voltage gain 
Input voltage starting limiting 
at Af = + 50 kHz; fp, = 1 kHz 


|.F. output voltage at limiting 
(peak-to-peak value) 


AM suppression at Af = + 50 kHz; V; = 500 pV; 


fry = 1 KHz; m = 30% 


1.F. residual voltage without de-emphasis 


at pin 12 
at pin 8 
A.F. voltage gain 


A.F, adjustment 
at R45 = 5 kQ; R5.4 = 13 kQQ 


A.F. output voltage control range 


Adjustment resistor* * 


D.C. voltage portion at the a.f. outputs 
pin 12 


pin 8 

Output resistance of the a.f. outputs 
pin 12 
pin 8 

Input resistance of the a.f. input 


Stabilized reference voltage 


Source resistance of reference 
voltage source 


* 


Supply voltage operating range is 10 to 18 V. 


Vp=V141-1 
V5-1 

Prot 
R13-14 

T stg 

Tamb 


Gy if 6-14 


Vj 


Vo if (p-p) 
(64 
Vit 12 


Vif 
Gy af 8-3 


AVo af 
AVo af 
R4-5 


V12-1 
V8-1 


Ro 12-1 
Ro 8-1 
Ri3-1 


V4-1 = Vref 


R4-4 


** Pin 5 must be connected to pin 4, when volume control adjustment is not applicable. 
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max. 18 V* 
max. 6 V 
max. 400 mW 
max. 1 kQ 
—40 to +125 °C 
—15to +70 °C 
typ. 68 dB 
typ. 30 pV 
< 60 pV 
typ. 250 mV 
2 50 dB 
typ. 60 dB 
typ. 30 mV 
typ. 20 mV 
typ. 7,5 
20 to 36 dB 
typ 28 dB 
> 70 dB 
typ 85 dB 
1 to 10 k& 
typ 56 V 
typ. 4,0 V 
typ 1,1 kQ 
typ 1,1 kQ 
typ. 2 kQ 
4,2t053 V 
typ. 48 V 
typ. 12 Q 


Sound i.f. amplifier/demodulator for TV TBA120U 


Hum suppression 


at pin 12 V42/V 1411 typ. 30 dB 
at pin 8 - V/V 1414 typ. 35 dB 
to 17,5 mA 
Supply current (pin 11) Ip=l4q4 ie: oat ae a 
; k F 

|.F. input impedance |Z; | type: SORA? 


> 15kQ/<6 pF 


A.F. output voltage at Af = + 50 KHz; fp, = 1 kHz; 
V; = 10 mV; Qo = 45; r.m.s. value 


at pin 12 Voaf(rms) tyP. 1,0 V 
at pin 8 Voaf(rms) tyP- 12V 
Distortion at Af = + 50 KHz; f,, = 1 KHz; 
Vj = 10 mV; OQ, = 20 diot typ. 1 % 
Vp af. a.f. _a.f. (adjustable) 
2,2 at 2,2 uF 
BEET T+ 47 nF : 


othe 56 pF 
20 390 
(1) 2 (1) Li “Tt pF 


TBA120U ‘ L2 


(1) Either one of these 
circuits may be used 


7284979 


a... ae 
47kQ 10kQ (lin.) 


Fig. 2 Application example using TBA120U. 
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+20 


Vo (af) 0 
(dB) 


— 20 


— 40 


PARCEL 
COOPERATE 


—60 


a <aeae 


KO 
< 


A¥— Vj (at) Over i.f. 


- 80 


fic 
a 
om 
ieee 
ae 
a 
ae 
| 
4 
vf 


BRRRREREER EE 


V; (af) at pin 3 


Fig. 3 Thea.f. output voltage at pin 8 asa 
function of the resistance values as shown 
in Fig. 4. 


—100 
-100 -80 -60 -40 —20 0 
V; (4B) (2) 


(1) Vo af with de-emphasis at Af = + 50 kHz; 
frm = 1 KHz; deot = 1,5%; 0 dB £770 mv. 


(2) Vj: 0 dB 200 mV at 60 Q. 


Fig.5 Thea.f. output voltage at pin 8 asa 


function of the input voltage with SFC 5,5 MA 


at the input (see Fig. 2). 
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10kQ 


7284981 Gj 


Fig. 4 Resistor conditions for 
curves in Fig. 3. 


—20 0 
V; (dB) (2) 


(1) Vo af with de-emphasis at fp, = 1 kHz; 
0dB2770 mV; 
curve a: Af = + 50 KHZ; diot = 3%; 
curve b: Af = + 25 KHZ; dyot = 1%. 


(2) Vj: 0 dB S 200 mV at pin 14. 
Fig.6 The a.f. output voltage at pin 8 


as a function of the input voltage with 
broadband input (60 £2). 


Sound i.f. amplifier/demodulator for TV TBA120U 


7284984 7284985 


0 

— 100 — 50 AVo (af) (dB) 0 
Fig. 7 The a.f. output voltages at pins 8 Fig. 8 Total distortion as a function 
and 1 as a function of the supply voltage; of the a.f. output voltage change. 


0 dB 2900 mV over i.f. (pin 8) 
— — ——0 dB 41,15 V (pin 8) 


0dB 2770 mV. 


Fig. 9 Supply current and the reference 
voltage at pin 4 as a function of supply 
voltage. 
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REFERENCE COMBINATION 


The TBA540 is an integrated reference oscillator circuit for colour television receiv - 
ers incorporating an automatic phase and amplitude controlled oscillator employing 
a quartz crystal, together with a half-line frequency synchronous demodulator cir - 
cuit. The latter compares the phases and amplitude of the swinging burst ripple and 
the PAL flip-flop waveform, and generates appropriate a.c.c., colour killer and 
identification signals. The use of synchronous demodulation for these functions per - 
mits a high standard of noise immunity. 


QUICK REFERENCE DATA 


Supply voltage 


Total current drain 


R-Y reference signal output 
peak-to-peak value V4-16(p-p) 


Colour killer output: colour on V7-16 
colour off V7-16 


A.C.C. output voltage range 
at correct phase of PAL switch V9-16 +4 to +0, 2 


at incorrect phase of PAL switch V9-16 +4to +11 


PACKAGE OUTLINES 
TBA540 : 16-lead DIL; plastic (SOT-38). 
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TBA540 


RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134) 


Voltage 


Supply voltage V3-16 max, 13.2 V 


Power dissipation 


Total power dissipation at Ty yp = 50 °C Prot max. 680 mW 
Temperatures 

Storage temperature T stg -55 to4+125 °% 
Operating ambient temperature Tamb -20 to +60 °C 


CHARACTERISTICS at V3-16 = 12 V; Tamb =25°C; V5-16M = 0.7V 
(burst signal input); Vg-16(p-p) = 2.5 V (P.A. L. square wave in- 
put) Measured in circuit shown on page 4. 


Output signals 


peak-to-peak value V4-16(p-p) typ. le 
Colour killer output: colour on V7-16 typ. 2. ¥ 
colour off V7-16 < 250 mV 


A.C.C. output signal range 


at correct phase of P.A.L. switch V9-16 +4to 40.2 V 
at incorrect phase of P.A.L. switch V9-16 +4to +11 V 


Oscillator section (amplifier) 


Input resistance R15-16 typ. 3.5  k&2 
MIDUE Capacitance C15-16 typ. 5 pF 
Voltage gain G15-1 typ. 4,7 


ee ed 


Voltage gain with pins 13 and 14 interconnected G15 -2 typ. 1.3 


Rate of change of gain G15-9 with phase difference 
between burst and reference signal Bb i522. typ. — 
AYs.4 rad 
Supply current consumption Ig typ. 33 mA 
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PINNING 
1. Oscillator feedback output 9. A.C.C. output 
2. Reactance control stage feedback 10. A.C.C. level setting (see also pin 12) 
3. Supply voltage (12 V) 11, A.C.C. gain setting 
4, Reference waveform output 12, A.C.C. level setting (see also pin 10) 
5. Burst waveform input 13. ee C. control points for 
6. Reference waveform input 14.) oscillator phase control loop 
7. Colour killer output 15. Oscillator feedback input 
8. P.A.L. flip-flop square wave input 16. Earth (negative supply) 
APPLICATION INFORMATION 
Reference outputs Colour killer 
(R-Y) (B-Y) -(R-Y) output (TBA520) 
+12V +12 
7 60pF y H/2 input 
F 100mH (TBA560) 


 froxa ar 
see 330nF 
inF 


Burst 
input ~——T : aoonooe 6 


82pF 


- TBAS5S40 


1 8615 14 13°12 «11 


A.C.C. output 
(TBA560) 


Ident output 
(TBA520) 


C3 
330 nF aE 330ne| ool" 4 uF 
” A 2 2 7 7. +12V 0 A 7268303. 
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APPLICATION INFORMATION (continued) 
The function is quoted against the corresponding pin number 


1. Oscillator feedback output 
The crystal receives its energy from this pin. The input impedance is approxi- 
mately 2 kQ in parallel with 5 pF. 


2. Reactance control stage feedback 
This pin is fed internally with a sinewave derived from the reference input (pin 
6) and controlled in amplitude by the internal reactancecontrol circuit. The pliase 
of the feedback from pin 2 to the crystal via Clis such that the value of Clis ef- 
fectively increased. Pin 2is held internally at a very low impedance therefore the 
tuning of the crystal is controlled automatically by the amplitude of the feedback 
waveform and its influence on the effective value of Cl. 


3. Positive 12V supply 
The maximum voltage must not exceed 13,2 V. 


4, Reference waveform output 

This pin is driven internally bythe regenerated subcarrier waveform in R-Y phase. 
An output amplitude of nominally 1.5 V peak-to-peak is produced at low impedance. 
No d.c.load to earth is required. A d.c.connection between pins 4 and 6 is, how- 
ever, necessary viathe bifilar coupling inductor. The function of this inductor 
is to produce, on pin 6, a signal of equal amplitude and opposite phase (-(R-Y)) 
to that on pin 4. Acentretap onthe inductor, connected to earth via a d.c. block- 
ing capacitor, is therefore necessary. 


5. Burst waveform input 
A burst waveform amplitude of 1 V peak-to-peak is required to be a.c.-coupled 
to this pin. The amplitude of the burst will normally be controlled by the adjust- 
ment and operation of the a.c.c. circuit. The input impedance at this pin is ap- 
proximately 1 k® and a threshold level of 0.7 V must be exceeded before the burst 
signal becomes effective. A d.c. bias of 400 mV is internally derived for pin 5 
The absolute level of the tip of the burst at pin 5 will normally reach 1.25 V (1.5 V 
peak-to-peak burst amplitude). Under abnormal conditions the burst amplitude 
should not be allowed to exceed 3 V peak-to-peak and a limiting condition will be 
reached in the i.c. which inhibits the performance of the phase lock loop. 
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APPLICATION INFORMATION (continued) 


6. Reference waveform input 
This pin requires a reference waveform in the -(R-Y) phase, derivedfrom pin 4 
via a bifilar transformer (see pin 4), to drive the internal balanced reactance 
control stage. A d.c. connection between pins 4 and 6 must be made via the 
transformer. 


7. Colour killer output 
This pin is driven from the collector of an internal switching transistor and re- 
quires an external load resistor (typical 10 k¢2) connected to +12 V. The unkil- 
led and killed voltages on this pin are then +12 V and< 250 mV respectively. 
(The voltage on pin 9 at which switching of the colour killer output on pin 7 
occurs is nominally +2.5 V 


8. P.A.L. flip-flop square wave input 
A 2.5 V peak-to-peak square wave derived from the P.A.L. flip-flop (inthe 
TBA5S20 demodulator i.c.) is required at this pin, a.c.-coupled via acapacitor. 
The input impedance is about 3.3 kQ. 


9. A.C.C, output | 

An emitter follower provides a low impedance output potential which is negative- 
going with a rising burst input amplitude. With zero input signal the d.c. po- 
tential produced at pin 9 is set to be +4 V (RV1). The appearance ofa burst 
Signal on pin 5 will cause the potential on pin 9 to go in a negative direction in 
the event that the P.A.L. flip-flop is identified to be in the correct phase. ‘The 
range of potential over which full a.c.c. controlis excercised at pin 9 is deter- 
mined by the control characteristics of the a.c.c. amplifieri.e. for the TBA560 
from 1V to0.2 V. The potential at pin 9 will falltoa value within this range as 
the burst input signal is stabilised at 1.5 V peak-to-peak. The latter condition is 
achieved by correct adjustment of RV2. If, however, the P.A.L. flip-flop phase 
is wrong the potential on pin 9 will move positively. The potential divider R5, 
R6 will then operatea P.A.L. switch cut-off function in the TBA520 demodulator 
i.c. The switching of the colour killer output at pin7 is designed to occur as the 
potential on pin 9 moves past +2.5 V. 


10. A.C.C. level setting 
The network connected between pins 10 and 12 balances the a.c.c. circuit and 
RV1 is adjusted to give +4 V on pin 9 with no burst input signal to pin 5. 
C5 provides filtering. 


11. A.C.C. gain control 
RV2 is adjusted to give the correct amplitude of burst signal on pin 5(1.5 V peak- 
-to-peak) under a.c.c. control; 


12. See pin 10. 
13. See pin 14. 
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APPLICATION INFORMATION (continued) 


14. D.C. control points in reference control loop 
Pins 13 and 14 are connected to opposite sides of a differential amplifier cir- 
cuit and are brought out for the purposes d.c. balancing of the reactance stage 
and the connection of the bandwidth-determining filter network. The convention- 
al double time constant filter networks are R2, C2, R3, C3 and Ry, Cy. The 
d.c. potentials on these pins are nominally +7,2 V. 


15. Oscillator feedback input 
The input impedance atthis pin is nominally 3.5 kG2in parallel withS pF. No d.c. 
connection is required on this pin. The voltage in the i.c. between pin 15 and 
pin 1 is nominally 4.7 times. 


16. Negative supply (earth) 
PERFORMANCE AND COMMENTS 
Initial adjustment 

(a) Remove burst signal. 


(b) Short-circuit pins 13-14. Adjust oscillator to correct frequency by Cl. Remove 
short circuit. 


(c) Set the a.c.c. level adjustment RV1, to give +4 V on pin 9. 
(d) Apply burst signal. 
(e) Adjust a.c.c. gain, RV2, togivea burst amplitude of 1.5 V peak-to-peak on pin 5. 


Phase lock loop performance (with crystal type 4322 152 0110) 


(a) Phase difference between reference and burst signals for +400 Hz deviation of 
crystal frequency, + 10°. 


(b) Typical holding range, +600 Hz. 
(c) Typical pull-in range, + 300 Hz. 


(d) Temperature coefficient of oscillator frequency, i.c. only, 2 Hz/°C. 
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TBA750C 
TBA750CQ 


LIMITER/AMPLIFIER 


The TBA750C is a limiter/amplifier with f.m. detector, d.c. volume control and a.f. preamplifier. !t is 
intended for 4,5 MHz, 5,5 MHz or 10,7 MHz. The limiter/amplifier is a four-stage differential amplifier 
that gives very good noise and interference suppression. The detector is of the balanced type. The d.c. 
volume control stage has excellent control characteristics with a control range of more than 80 cB. 
The a.f. preamplifier can drive a triode-pentode output stage or aclass-A push-pull transistor output stage. 


QUICK REFERENCE DATA 


Supply voltage V9_5 typ 12 V 
Total current drain ltot typ 34 mA 
Frequency fo 5,5 MHz 
Input voltage at start of limiting Vilim typ 130 uV 
A.M. rejection at Vj = 1 mV a typ 45 dB 
A.F. output voltage at Af = + 15 kHz 

at pin 16 Volrms) tyP 2,/ V 


D.C. volume control range > 80 dB 


PACKAGES OUTLINES 


TBA750C: 16-lead DIL; plastic (SOT-38). 
TBA750CO: 16-lead OIL; plastic (SOT-58). 
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CIRCUIT DIAGRAM 
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TBA750C 
TBA750CQ 


RATINGS | 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage V9_5 max 16 V* 
Storage temperature T stg —55 to+ 125 °C 
Operating ambient temperature Tamb —25to +55 °C 


Power dissipation 


1000 7Z62159 
maximum allowable total power 
dissipation versus ambient temp. 
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Fig. 2. 


CHARACTERISTICS 
Measured in test circuit Fig. 3. 
Supply voltage range 


see also Fig. 4 V2-5 10 to 25 V 
Total current drain; pin 15 not connected Ip 25 to 45 mA 
Input limiting voltage at Vo = —3 dB (r.m.s. value) Vilim(rms) typ 130 yV 
|.F. output voltage at pins 6 and 7 V 

(peak-to-peak value) coe typ 380 mV 

7—5(p-p) 
A.M. rejection ; 

Vi= TmVv a typ 45 dB 

Vj = 10mV a typ 50 dB 

Vj = 100 mV a typ 55 dB 
D.C. volume control range; see also Fig. 5 > 80 dB 
A.F. preamplifier voltage gain 

pin 1 to pin 16 Gy typ 10 
Input resistance at pin 1 Rj z 35 kQ 


* Allowable only if the dissipation in the IC is limited by means of a series resistor in the supply (see 
also Fig. 4). 
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TBA750C 
TBA750CQ 


Limiter/amplifier 


CHARACTERISTICS (continued) 
A.F. output voltages (r.m.s. values) 


Af = + 15 kHz; fy = 1 kHz elie typ 65 mV 
—5(rms 
V12—5(rms) typ 250 mV 
V16—5(rms) ‘typ 2,7 V 
Total harmonic distortion 
at pin 12; Af = 15 kHz dtot typ 3 % 
at pin 1 with respect to pin 16; Vo(rms) = 3V dtot typ 2,6 % 


af. 
generator 

a.m. 
modulator 


10nF O1 pF 


rf. 
generator 
5.5MHz 


R;=100kN. 
a.f. af. 
TBA750C bandpass selective 
filter voltmeter 


Fig.3 Test circuit; for f.m.: fo = 5,5 MHz; Af = + 15 kHz; fp, = 70 Hz. 
For a.m.: m= 0,3; fry = 1 KHz. 
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Fig. 5 Remote control characteristic. 


Fig. 4 Maximum and minimum values for the power supply series resistance (Rs). 


Ee pin 15 unloaded 
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TBA750C 
TBA750CQ 


Limiter/amplifier 


APPLICATION INFORMATION at f = 5,5 MHz 


C7 C10 
40nF O1pF 
from C4 
video 
detector 3,3pF 
C2 TBA750C 16 y, 
47 pF a.f. output 
aes 
3k 
c3 AN es ces 778 
22 nF a eee ct y 
R5 
z rf = 22nF (| s00kn 
10 Lt (log) 
22pF F 
ra | 4 R6 
C8 {ts 1kA 
22pF) 13 ko. 
‘fo ‘/ 
+12V 
7255826. 2 
Fig. 6. 
L1= 18H; Q,4 = 36 Note 
L2= 2,2 wH; Q,2 = 21 QO1, QL2 and Q; 3 are the loaded O-factors. 


L3 = 0,84 wH; Q13 = 22 
V2 
The transfer ratio of the input bandpass filter: 77 = 0,54. 
1 


The peak-to-peak bandwidth of the detector S-curve is 300 kHz. 
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TBA920S 


HORIZONTAL COMBINATION 


The TBA920 is a monolithic integrated circuit intended for television receivers with transistor, thyris- 
tor, or tube-equipped output stages. 

It combines the following functions: 

- noise gated sync separator 

- line oscillator 

- phase comparison between sync pulse and oscillator 

- loop gain and time constant switching (also for video recorder applications) 

- phase comparison between line-flyback pulse and oscillator 

- output stage for drive a variety of line output stages 


QUICK REFERENCE DATA 


Supply voltage V1-16 nom. 12 V 
Ambient temperature Tamb 25 OC 


Input signals 
Video input voltage (positive-going sync) 


top sync to white value V8-16(p-p) Be 6% : ¥ 
Noise gate input current (peak value) lom > 30 pA 
Input resistance of noise gate R9-16 typ. 200 QQ 
Flyback signal input voltage (peak value) V5-16M typ. +1 V 
Flyback signal input current (peak value) I5Mi typ. 1 mA 
Output signals . 
Line driver output voltage (peak-to-peak value) V2-16(p-p) typ. 10 V 
Line driver output current (average value) ID(AV) max. 20 mA 
Line driver output current (peak value) lom max. 200 mA 
Composite sync output voltage (peak value) V7-16M typ. 10 V 


PACKAGE OUTLINE 
16-lead dual in-line; plastic (SOT-38). 
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Fig. 1 Block diagram and application information. 


Horizontal combination TBA920S 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (Vp) V1-16 max. 13,2 V 
Phase shift voltage V3-16 0to 13,2 V 
Video input voltage —V8-16 max. 12 V 
Coincidence detector voltage V10-16 —0,5 to +5 V 
Line driver output current (average value) ID(AV) max. 20 mA 
(peak value) lom max. 200 mA 
Horizontal pulse current (peak value) I5mM max. 10 mA 
Composite sync current (peak value) l7M max. 10 mA 
Pos. sync pulse current (peak value) IgmM max. 10 mA 
Noise gate current (peak value) lom max. 10 mA 
Total power dissipation Prot max. 600 mW* 
Storage temperature Tstg —55 to +125 OC 
Operating ambient temperature Tamb —20 to +60 OC 


CHARACTERISTICS 
At V1-16 = 12 V; Tamb = 25 OC. Measured in circuit of Fig. 1 (CCIR standard). 
Current consumption at Iz = 0 14 typ. 36 mA 


Required input signals 


Video signal 
Input voltage (positive going sync) 
: typ. 3 .V 
peak-to-peak value Vi(p-p) 1to7 V 
Input current during sync pulse (peak value) IgM typ. 100 pA 
Noise gating {pin 9) 
Input voltage (peak value) V9-16M > 0,7 V 
= 30 uA 
Input current (peak value) lou Z 10 mA 
Input resistance R9-16 typ. 200 22 
Flyback pulse (pin 5) 
Input voltage (peak value) V5-16M typ. +1 V 
> 50 wA 
Input k val 
nput current (peak value) I5uM ve 1 mA 
Input resistance R5-16 typ. 400 22 
Pulse duration at 15 625 Hz t5 > 10 ys 


* 800 mW permissible while tubes are heating up. 
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TBA920S 


CHARACTERISTICS (continued) 
Delivered output signals 

Composite sync pulses (positive; pin 7) 
Output voltage (peak-to-peak value) 


Output resistance 
at leading edge of pulse (emitter follower) 
at trailing edge 


Additional external load resistance 

Driver pulse (pin 2) 

Output voltage (peak-to-peak value) 
Average output current 

Peak output current 

Output resistance (low ohmic) 

Output pulse duration when synchronized 


Permissible delay between leading edge 
of output pulse and flyback pulse at ts = 12 us 


Supply voltage at which output pulses are obtained 


V7-16(p-p) 


R7-16 
R7-16 


R7-16(ext) 


V2-16(p-p) 
IQ(AV) 
lau 

R2-16 

t2 


to tot 


V1-16 


typ. 10 V 
mz 50 Q 
typ. 2,2 kQ 
> 2 kQ 
typ. 10 V 
< 20 mA 
< 200 mA 


typ. 2,50r15 Q* 
12 to 32 yus** 


Oto 15 us 
> 4V 


* Depends on switch position and polarity output current. R2.16 = 2,5 Q is valid for V2.1g = +10,5 V 


and a load between pins 2 and 16 (e.g. an external resistor). 


** The output pulse duration is adjusted by shifting the leading edge (V3.16 from 6 V to 8 V). The 
pulse duration is a result of delay in the line output device and the action of the second control 


loop in the TBA920S. 


For a line output stage with a BU108 high-voltage transistor the resulting duration is about 22 us, 
and in such a way that the line output transistor is switched on again about 8 us after the middle 
of the line-flyback pulse. This pulse duration must be taken into account when designing the driver 
stage and driver transformer as this way of driving the line output device differs from the usual, 


i.e. a driver duty cycle of about 50%. 
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Horizontal combination TBA920S 


Oscillator 
Frequency; free running (R15.16 = 3,3 kQ) fo 15625 Hz * 
Spread of frequency at Afo 
R15-16 = 3,3 kQ; C14-16 = 10 nF oc < 15% ** 
fe) 
Frequency change when decreasing the Afo 
supply down to minimum 4 V bal < 10 % 
) 
bet Afo 
Frequency control sensitivity ne typ. 16,5 Hz/yA 
15 
: = eae Afo 
Adjustment range of frequency (in Fig. 2) a typ. +5 % 
O 
Influence of supply voltage Sfo /5Vp 
on frequency at Vp = 12 V — /—. a 5 % 
. fo/ VPnom 
Control loop 7 (between sync pulse and oscillator) 
Control voltage range V12-16 0,8 to 5,5 V 
Control current (peak values) 
at V10-16 > 4.5 V; V6-16 > 1,5 V 112M typ. +2 mA 
at V109-16 < 2V;V6-16 > 1,5 V 42M typ. +6 mA 
Loopgain of APC system 
a. Time coincidence between sync pulse and Af 
flyback pulse or V19-716 > 4,5 V a typ. 1 kHz/ys 
; a Af 
b. No time coincidence or V19.16 <2 V i typ. 3 kHz/ps 
Catching and holding range Af typ. +1 kHz 4 
+12V 
TBA920S 
470k. 
> 15,825 kHz 
O 15,625 + 0,2 kHz 
<15,425 kHz 


150k 


7 1264957 


Fig. 2 Possibilities for oscillator frequency adjustment. 


* The oscillator frequency can be changed for other TV standards by an appropriate value of C14-.76. 
** Exclusive external components tolerances. 
4 Adjustable with R412.15. 
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TBA920S 


CHARACTERISTICS (continued) 
Pull-in time for Af/fg = +3%(Af = 470 Hz) t 


Switch-over from large control sensitivity 
to small control sensitivity 
after catching 


v 


20 ms_ (note 1) 


20 ms_ (note 1) 


ot 
v 


Control loop I! (between flyback pulse and oscillator) 
Permissible delay between leading edge of output 


pulse (pin 2) and leading edge of flyback pulse td tot Oto 15 us 
| At 
Static control error meio < 0,5 % (note 2) 
. Atg 
Output current during flyback pulse (peak value) lam typ. +0,7 mA 


Overall! phase relation 


Phase relation between leading edge of sync 


pulse and middle of flyback pulse t typ. 4,9 us (note 3) 
Tolerance of phase relation | At! , 0,4 us (note 4) 
Voltage for T2 = 12 to 32 us V3-16 6to8 V 

: — AT2 
Adjustment sensitivity typ. 10 ps/V 

AV3-16 
Input current I3 << 2 wA 


External switch-over of parameters (loop filter and loop gain) of control loop | (e.g. for video recorder 
application) see note 5. 


Required switch-over voltage 


at R14-16 = 150 V10-16 > 45 V 
at R41-16 = 2kQ V10-16 < 2V 
Required switch-over current 
at R11-16 = 150 2;V190-16 =4,5 V l10 typ. 80 vA (note 5) 
at R11-16 = 2kQ;Vi9-16= 2V 140 typ. 120 wA 
1. See Fig. 1. 


2. The control error is the remaining error in reference to the nominal phase position between leading 
edge of the sync pulse and the middle of the flyback pulse caused by a variation in delay of the line 
output stage. | 

3. This phase relation assumes a luminance delay line with a delay of 500 ns between the input of the 
sync separator and the drive to the picuture tube. If the sync separator is inserted after the luminan- 
ce delay line or if there is no delay line at all (black-and- white sets), then the phase relation is 
achieved at C5-1g = 560 pF. 

4. The adjustment of the overall phase relation and consequently the leading edge of the output pulse 
at pin 2 occurs automatically by the control loop lt or by applying a d.c. voltage to pin 3. 

5. With sync pulses at pin 7 and 8; without RC network at pin 10. 
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CHROMINANCE AMPLIFIER 
FOR SECAM OR PAL/SECAM DECODERS 


The TCA640 is an integrated chrominance amplifier for either a SECAM decoder or a 
double standard PAL/SECAM decoder. 

Switching of the standard is performed internally, controlled by an external applied d.c. 
signal. 

In addition to the chrominance amplifier the circuit also incorporates a 7,8 kHz flip-flop 
and an identification circuit for SECAM. 

For PAL identification the circuit included in the TBA540 should be used. 

Furthermore, the TCA640 incorporates a blanking circuit, a burst gating circuit and a 
colour killer detector. 


QUICK REFERENCE DATA 


Supply voltage V 14-2 nom. 12 V 
Supply current T14 nom. 37 mA 


wes meee eee me eee ee ee wee eee wee ee 


Chrominance input signals 


(peak-to-peak value) V3-5(p-p) . 

Chrominance output signals V 
1522.(pep) | 
k-to-peak value typ. 500 2000 mV 

(peak-to-peak value) V1-2 (p-p) yp 
Burst output (closed a.c.c. loop) 

(peak-to-peak value) V13-2(p-p) _‘tYP- 1 = OV 
System switching signal V4-2 typ. 12 OV 
Burst blanking of chrominance signal ee 40 - dB 


Chrominance blanking at field 


identification = - 40 dB 
Square-wave output (7, 8 kHz) 
(peak-to-peak value) V12-2(p-p) ‘typ. 3 3.V 
PACKAGE OUTLINE 


16-lead DIL; plastic (SOT-38). 
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TCA640 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltage 

Supply voltage V 14-2 
Power dissipation 

Total power dissipation Prot 
Temperatures 

Storage temperature T stg 
Operating ambient temperature Tamb 


CHARACTERISTICS measured in the circuit on page 6 


Supply voltage V 14-2 


Required input signals at Vy4_9 = 12 V and Tampb = 25 °C 
Chrominance input signal 


peak-to-peak value V3-5(p-p) os 


Automatic chrominance control starting V 16-2 PAL 
Flyback pulses for blanking and 
burst/identification lines-keying 


Line flyback pulses (positive) 


peak-to-peak value 
Field idenfication pulses (positive) 


peak-to-peak value 
System switch signal 


Colour killer threshold 


max. 13,2 V 


max. 625 mW 


—~25 to +125 °C 
-25to +65 °C ) 


typ. 12 V 
10,2 to 13,2 V 


4to 80 mV 
7 2) to 400 mV 


typ. 1,2v2) 


See note 4 


4,5to 12 V 


4to 12 V 


7 to Vj4-2 V 
Oto lV 


typ. 2,5 V°) 


1) When a stabilized power supply of <12 V is applied, Tamb is max. 75 °C. 


2) Start of limiting. 


3) A negative-going potential provides a 26 dB a.c.c. range. 


| 4) The line flyback pulses also provide the clock pulses for the flip-flop. 


5) The colour killer is operative above the quoted input voltage. 
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CHARACTERISTICS (continued) 


Obtainable output signals 


Chrominance output signals 


peak-to-peak value V15-2(p-p) | PAL 425 to 575 mV 
V 1-2(p-p) SECAM 1,8to2,3 V 
Phase difference between output pins AY 15-1 PAL 170° to 1909 1) 
Burst signal (peak-to-peak value) V 13-2(p-p) PAL typ. 1 2) 
Identification signal 
peak-to-peak value 111(p-p) SECAM 1,4to2,4 mA 
Output resistance Ri1-2 2to2,9 k 
Flip-flop signal 
peak-to-peak value V 12-2(p-p) 2,5t03;5 V 
Colour killer ; V9.9 < Q,5-. ¥ 
ae Ig < 10 mA 
Vg-2 Vi4-2. V 
unkilled is = 10 A 
Bandwidth of chrominance amplifier (—1 dB) 
at a carrier frequency of 4,2 MHz > +1 MHz 
Blanking 
burst rejection PAL > 40 dB 
rejection identification lines 
with field identification SECAM > 40 dB 
1) Over the a.c.c. control range the phase difference varies less than 2, 5°. 
2) The burst is kept constant at 1 V peak-to-peak by automatic gain control. 
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APPLICATION INFORMATION 


chrominance 
output 


PAL 
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chrominance chrominance 
output input 


Pinning 


Chrominance output 

Earth (negative supply) 
Chrominance input 

System switch input 
Chrominance input 

Line fly-back pulse input 
Field identification pulse input 
Colour killer output 
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system a 


switch line fly-back lh identification 
(H) pulse 
7 
0,1 uF 
N2 
N1:N2= 2:1 
N1 
5,6k2 
a +12V 
470 pF 


140 | 10nF 
‘/ it 


7266734 


9, Identification integrating 

10.f capacitor (GSECAM) 

11. Identification tank circuit (SECAM) 
12, Flip-flop output 

13. Burst output (PAL) 

14. Supply voltage (12 V) 

15. Chrominance output 

16. A.C.C. input 
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TCA640 


APPLICATION INFORMATION (continued) 


The function is quoted against the corresponding pin number 
1. Chrominance output (in conjunction with pin 15) 


A balanced output is available at pins 1 and 15. 

At SECAM reception a limited signal of 2 V peak-to-peak is available, starting from 
an input voltage of 15 mV peak-to-peak. 

At PAL reception the output signal is 500 mV peak-to-peak for a burst signal of 1 V 
peak-to-peak. 

An external d.c. network is required which provides negative feedback to pin 3. The 
same holds for the feedback from pin 15 to pin 5. 

The figures for input and output signals are based ona 100% saturated colour bar signal. 


2. Negative supply (earth) 
3. Chrominance input (in conjunction with pin 5) 


The input signal is derived from a bandpass filter which provides the required "bell" 
shape bandpass for the SECAM signal and a flat bandpass for the PAL signal. 

The input signal can be supplied either in a balanced mode or single ended. Both inputs 
(pins 3and5) require a d.c. potential of about 2,5 V obtained from a resistive divider 
connected to output pins 1 and 15. The figures for the input signals are based ona 100% 
saturated colour bar signal anda burst-to-chrominance ratio of 1:3 of the input signal (PAL). 


4, System switch input 


Between 7 V and the supply voltage, the gain of the chrominance amplifier is control- 
led by the a.c.c. voltage at pin 16. 

The chrominance amplifier then provides linear amplification required for the PAL signal. 
Between OV and 1 V the chrominance amplifier operates as a limiter for the SECAM signal. 


5, Chrominance input (see pin 3) 
6. Line fly-back pulse input (in conjunction with pin 11) 
Positive going pulses provide 
— blanking of the chrominance signal at the outputs (pins 1 and 15). 


— burst gating for both PAL and SECAM. 
The carrier signal present during the second half of the back porch of the SECAM 
signal is gated. It provides line identification when the circuit L1Cy (see circuit on 
page 6) is tuned to 4,25 MHz (at Cy = 470 pF). 


~ trigger signal for the flip-flop. 
7. Field identification pulse input (in conjunction with pin 11) 


Like the line fly-back pulses, positive going identification pulses provide blanking 
and burst gating. 

To operate the TCA640 on the identification lines (SECAM)in the field blanking period 
the circuit L1Cy (see circuit on page 6) should be tuned to 3,9 MHz and the capacitor 
C, should be increased to 1 nF. The field fly-back pulse should be shaped so that its 
amplitude exceeds 4 V during the identification lines. 
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TCA640 


APPLICATION INFORMATION (continued) 


8. 


14, 


15. 
16. 


Colour killer output 


This pin is driven from the collector of an internal switching transistor and requires 
an external load resistor connected to the supply voltage. The killer is operative 
when the a.c.c. voltage exceeds the threshold, when the SECAM chrominance 
signal at the input is below the limiting level or when the flip-flop operates in the 
wrong phase. 


Identification integrating capacitor (SECAM) 


Identification integrating capacitor (GSECAM) 


. Identification detector tank circuit (see pins 6 and 7) 


. Flip-flop output 


A square wave of 7,8 kHz with an amplitude of 3 V is available at this pin. 
An external load resistor is not required. 


, Burst output (PAL) 


A 1V peak-to-peak burst (kept constant by the a.c.c. system) is produced here, 
Supply voltage (12 V) 


Correct operation occurs within the range 10,2 to 13,2 V. 
The power dissipation must not exceed 625 mW at 65 °C ambient temperature. 


Chrominance output (see pin 1) 
A.C.C,. input 


With the system switch input (pin 4) connected for PAL operation, a negative going 
potential gives a 26 dB range of a.c.c. starting at+1,2 V 

During SECAM operation, the voltage at the input should not exceed +0,5 V, other- 
wise the SECAM identification circuit and the colour killer become inoperative. 


578 April 1974 


TCA650 


CHROMINANCE DEMODULATOR 
FOR SECAM OR PAL/SECAM DECODERS 


The TCA650 is an integrated synchronous demodulator for both the SECAM and PAL 
chrominance signals. 

Switching of the standard is performed internally, controlled by an external applied 
d.c. signal. 

In addition to the synchronous demodulator, which delivers colour difference signals, 
the circuit also incorporates: 


- a PAL matrix, used for adding the delayed and non-delayed signals to obtain separately 
the (R-Y) and (B- Y) components of the chrominance signal. 


a PAL switch, which reverses the phase of the (R- Y) component of the chrominance 
signal on alternating lines. 


| 


a SECAM switch, which performs the separation of the Dp and DB components of the 
chrominance signal by switching the delayed and non-delayed signals. 


a SECAM limiter. 


QUICK REFERENCE DATA 


Supply voltage 


Supply current 


Chrominance input signals 
(peak-to-peak value) V1-2(p-p)| 
V3-2(p-p)J 
System switch input V4-2 


Colour difference output signals 
(peak-to-peak value) (R-Y): V 12 -2(p-p) 


(BY): V10-2(p-p) 
Reference input signals (PAL) 
(peak-to-peak value) V6-2(p-p) | 
V7-2(p-p) | 
Square-wave input 
(peak-to-peak value) V 16-2(p-p) 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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TCA650 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltage 

Supply voltage V 14-2 max. 13,2 
Power dissipation 

Total power dissipation Prot max. 510 
Temperatures 

Storage temperature T stg ~25 to +125 
Operating ambient temperature aaah -25to +65 


CHARACTERISTICS measured in the circuit on page 6 


typ. 12 
Supply voltage. V14-2 10,2 to 13.2 
Required input signals at Vj4-2 = WV and Typ = 29 26 
peak-to-peak value Vi-2(p-p) | PAL 35 to 75 
V3-2(p-p) j SECAM 150 to 400 
Input impedance oe 1,2 to 2,6 
PAL matrix 
Gain from both inputs to pin 13 2,3 to 3,3 
Gain from both inputs to pin 15 2,6 to 3,6 
Gain difference from line-to-line < 5 
Phase errors from line-to-line in the 
(R-Y) output for zero error inthe (B- Y) output < 2,5° 
Output impedance 213-2 ! < 100 
|Z 15-2] 
SECAM permutator 
Diaphotie < -—46 
Output signal (peak-to-peak value) 4 13-2(P-P) 1,67) to 2,2 
15-2(p-p) | | 
Z 13-2 
Output impedance 3 i < 100 
| |Z 15-2| 


1 When a stabilized power supply of = 12 V is applied, Tamb is max. 75 se 
2) At an input voltage of 0,15 V; at an input voltage > 0,2 V the figure is 1,7 V. 
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mV 
mV 


dB 


V 


GQ 


582 April 1974 


CHARACTERISTICS (continued) 
Demodulator 


Chrominance input signal amplitude 


PAL: (B-Y):; peak-to-peak value 


(R-Y); peak-to-peak value 


SECAM: peak-to-peak value 


Input impedance 
Reference input signal amplitude 


PAL: peak-to-peak value 


SECAM: peak-to-peak value 


Input impedance 


Colour difference output signal 
(R-Y); peak-to-peak value 
(B- Y); peak-to-peak value 


Output impedance 


Diaphotie at SECAM operation 


IZ5-9|5 
|Z6-2)5 


Diaphotie of the total circuit at frequencies 


corresponding to saturated green 
Dr = 4,72 MHz and Dp = 4,04 MHz 


Square wave input 
peak-to-peak value 
Input impedance 
system switch input 3) 
PAL: 
SECAM: 


1) Limiting starts at the quoted value. 


2) The peak-to-peak clipping level for PAL is about 4,7 V for (B-Y) and 3 V for (R-Y). 
The discriminator characteristic allows a maximum peak-to-peak output signal of 
3,6 V for (B- Y) and 2, 4 V for (R-Y) (SECAM). 


Vo-2(p-p) 
V11-2(p-p) 


V9-2(p-p) 


Vi1-2(p-p) J 


|Z9-9 | 
|Z 14-2 


| 
| 
V6-2(p-p) | 
V7-2(p-p) J 
V5-2(p-p) | 
V8-2(p-p) | 


|Z7_9| 
|Zg-9 


V 12-2(p-p) 
V 10-2(p-p) 


IZi0-2| | 
IZ12-2] sf 


V 16-2(p-p) 
IZ 16-2| 
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1,5 to 3 


0,5to 1,5 


0,18 4) to 1,5 


0,75 to 1,25 


0,99 to 1,2] 
1,32 to 1,62 


2,4 to 4,2 


22516305 
= 3,8 


7 to Vi4~2 
Otol 


3) The switching signal is applied to pin 4 via a resistor of 2,7 kQ2 (£10%). 
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APPLICATION INFORMATION 
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undelayed signal 


Pinning | 


. Chrominance input 

. Earth (negative supply) 

. Chrominance input 

. System switch input 

. Reference (R-Y) input SECAM 
. Reference (R-Y) input PAL 

. Reference (B-Y) input PAL 

. Reference (B-Y) input SECAM 
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black level 


2,7kQ 
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“T 2740) iz 


delayed signal system 
input input 


‘f 


+12V 


68 pF | 68pF 
P P |acren 


2 11 1 


22 pF 


black level 
setting 


10nF 10nF 4,25 MHz 
(B-Y) 

amplitude 
setting 

R-Y B-Y 

ey 

PAL reference input 
signals 7266735. 


Chrominance (B-Y), Dp input 


. Colour difference (B-Y) output 
. Chrominance (R-Y), Dp input 
. Colour difference (R-Y) output 
. Chrominance (R-Y), Dp output 
. Supply voltage (12 V) 

. Chrominance (B-Y) , Dp output 
. Square wave input 
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APPLICATION INFORMATION = (continued) 

The function is quoted against the corresponding pin number 

1. Chrominance input 
The blanked composite chrominance signal from pin 1 of the TCA640 is applied to 
this input via a resistive divider. 

2. Negative supply (earth) 

3. Chrominance input 


The blanked composite chrominance signal from pin 15 of the TCA640 is applied to 
this input via a delay-line, which has a delay time of 64 us. 


4. System switch input 


The control voltage for switching the standard is applied to this input via a resistor 
of 2,7 k82 (+ 10%). A decoupling capacitor of at least 10 nF is recommended. Between 
7 V and the supply voltage the circuit operates in the PAL mode, whereas between 

O V and'1 V the mode SECAM is selected. 


5. Reference input for the (R- Y) demodulator 


The SECAM reference signal is applied to this pin. The reference signal is obtained 
from pin 11 via a tank circuit. The tank circuit is tuned such that the level at the 
(R-Y) output (pin 12) during black (fg = 4,4 MHz) equals the level during blanking (no 
signal). The output voltage amplitude at pin 12 can be adjusted by damping the tank 
circuit. 


6. Reference input for the (R- Y) demodulator 

A PAL reference signal having (R-Y) phase is applied to this pin. 
7. Reference input for the (B- Y) demodulator 

A PAL reference signal having (B-Y) phase is applied to this pin. 
8. Reference input for the (B- Y) demodulator 


The SECAM reference signal is applied to this pin. The reference signal is obtained 
from pin 15 via a tank circuit. The tank circuit is tuned such that the level at the 
(B- Y) output (pin 10) during black (fg = 4, 25 MHz) equals the level during blanking (no 
signal). The output voltage amplitude at pin 10 can be adjusted by damping the tank 
circuit. 


9. Chrominance input to the (B-Y), Dp demodulator 
The output signal of pin 15 is applied via a coupling capacitor of 4,7 nF. 
10. Output of the (B- Y) demodulator 


The output signal of the balance demodulator contains an r.f. ripple of twice the 
chrominance frequency to be filtered by a a filter. At SECAM the required de- 
emphasis circuit should be applied. 


11. Chrominance input to the (R-Y), DR demodulator 


The output signal of pin 13 is applied via a coupling capacitor of 4,7 nF. 
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APPLICATION INFORMATION = (continued) 
12. Output of the (R- Y) demodulator 

| See pin 10. 
13. Chrominance (R-Y), DR output 


The(R-Y) component of the chrominance signal (DR component at SECAM) is present 
at this pin. | 

The signal is applied to the input of the (R-Y) demodulator (pin 11) and to the tank 
circuit for the SECAM reference signal. 

The emitter follower output should be loaded with a 2,7 kG2 resistor to obtain an 
output impedance of <100 QQ. 


14. Supply voltage (12 V) 


Correct operation occurs within the range 10,2 to 13,2 V. 
The power dissipation must not exceed 510 mW at 65 °C ambient temperature. 


15. Chrominance (B-Y), Dp output 


The (B- Y) component of the chrominance signal (Dg component at SECAM) is present 
at this pin. 

The signal is applied to the input of the (B~Y) demodulator (pin 9) and to the tank 
circuit for the SECAM reference signal. 

The emitter follower output should be loaded with a 2,7 k82 resistor to obtain an 
output impedance of <100 Q. 


16. Square wave input 


A square wave with an amplitude of 3 V drives the PAL switch or the SECAM 
permutator. 
The square wave is available at pin 12 of the TCA640. 
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CONTRAST, SATURATION AND BRIGHTNESS 


CONTROL CIRCUIT FOR COLOUR DIFFERENCE AND 
LUMINANCE SIGNALS 


The TCA660B is an integrated circuit performing the control functions of contrast, satu- 
ration and brightness in colour television receivers. 

Contrast is controlled by three tracking electronic potentiometers; one for the luminance 
signal and the other two for the (R-Y) and (B-Y) colour difference signals. 

In addition two tracking electronic potentiometers provide the saturation control of the 
colour difference signals. 

Brightness is controlled by varying the black level of the luminance signal at the output. 
An inverting amplifier is also included for matrixing the (G-Y) signal from the (R- Y) and 
(B-Y) colour difference signals. 


QUICK REFERENCE DATA 


Supply voltage V 13-4 nom. 12 Vv 
Supply current 113 nom. 35 mA 


Luminance input current 
(black-to-white positive video signal) 116 typ. 0,7 mA 


Luminance output voltage 
(black-to-white positive video signal; 


peak-to-peak value) Vi-4(p-p) ‘typ. 3 v4 
Black level (nominal value) Vi-4 typ. 4,2 V 
Brightness control 

(around nominal black level) V1-4 +lto -—2 V 
Gain of the (R-Y) and (B- Y) amplifier typ. 5 dB ly 2) 
Gain of the (G-Y) amplifier typ. 1 
Contrast control range . +3 to -20 dB 3) 
Saturation control range +6 to -20 dB 3) 


1) At nominal contrast setting (max. contrast —3 dB) 
2) At nominal saturation control setting (max. saturation —6 dB) 


3) Nominal contrast and nominal saturation are specified as 0 dB. 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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CIRCUIT DIAGRAM 
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| TCA660B 


CIRCUIT DIAGRAM (continued) 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltage 
Supply voltage V 13-4 max. 13,2 V 
Power dissipation 
Total power dissipation Prot max. 600 mW 
Temperatures 
Storage temperature T ste -25 to +125 °C 
Operating ambient temperature Tamb -25to +65 °C l) 
CHARACTERISTICS measured in the circuit on page 7 
pupply voltage V13-4 ws ‘ Me : 
Required input signals at V 13-4 = 12 V and Tamb = 25 °C 
Luminance input current 

black-to-white positive video signal 116 ‘yP- ree ; ': = 
Input impedance at 1j4 = 1 mA |Z 16-4| 60 to 90 2 
Input impedance variation for an 

input current variation Alj6 =+0,5 mA |AZ 16-4] F25 QQ 
Colour difference input voltage | . 

(R-Y); peak-to-peak value V9-4(p-p) rd 0,7 V 

(B-Y); peak-to-peak value V8-4(p-p) < 09 V 
Input voltage variation before clipping 

of the output voltage occurs ae typ. 0,8 V 
Input impedance IZg-4 3,5 to 6,5 k&Q 
Ee een are |Z9-4I 
Blanking pulse (peak value) V3-4M -1,5to -10 V 
Black level reinsertion pulse (peak value) V3-4M +2 to+12 V 2) 
Black level clamp pulse (peak value) V2-4M +1to+12 V 
Luminance output voltage at nominal contrast 

black-to-white positive video signal; 

peak-to-peak value V1-4(p-p) 2to4V 3) 


1) When a stabilized power supply of = 12 Vis applied, Tamp is max. 75 °C. 
2) During scan V3-4 must be kept lower than 0,7 V (positive and negative) to avoid 


blanking of the luminance signal. 
3) Nominal contrast is specified as maximum contrast ~3 dB. 
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CHARACTERISTICS (continued) 


Black level at nominal brightness setting Vaca typ. 4,2 V 1) 
Black level variation with brightness 

setting AV\-4 TitoeZ 
Contrast control voltage range Wiel ca See graph on page 6 


Black level variation 

with contrast control AV}-4 < 40 mV 2) 
Black level variation 

with video contents AV)-4 < 20 mV 3) 
Variation between video black level 


and reinserted black level 


at AT amp = 25 CC and AV 3-4 + 10% Vi-4 < +20 mV 
Blanking level with respect to 

nominal brightness Vi-4 -0,8to-1,2 V 
Bandwidth (-3 dB) of luminance signal B = 6 MHz 
Colour difference output signal for 

nominal contrast and saturation 4) 5): 

(R-Y); peak-to-peak value Vio-4 (p-p) typ. 1,25 V 6) 

(B-Y); peak-to-peak value V7_4 (p-p) typ. 16 V 6) 
D.C. output level ee typ. 6,1: -¥ 
Se ese Vi0-4 
Output level variation 

; : AV7_4 
with contrast and saturation control < 900 mV 
AV 10-4 
ae , |Z 7-4 | ‘ : 

Permissible d.c. load impedance > 4 kG 
gee ee 1Z10-4| 
Saturation control voltage range V6-4 See graph on page 6 
Saturation control at V6-4 < 6,5 V < -50 dB 
Bandwidth (~-3 dB) of colour difference signal B = 2,5 MHz 


1) Nominal brightness setting Vj)4-4 = 95,7 V. 

2) Only valid if the input current does not exceed 0,5 mA during black. 
3) For a.c. coupling only. 

4) Nominal contrast is specified as maximum contrast —3 dB. 

5) Nominal saturation is specified as maximum saturation —6 dB. 

6) This value is obtained at the specified maximum input voltage. 
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CHARACTERISTICS (continued) 
(G-Y) amplifier 


input voltage (peak-to-peak value) V11-4(p-p) < 1 V 
output voltage (peak-to-peak value) V 12-2(p-p) < 1 V 
voltage gain Gi11-12 ~lto+0,5 dB 


Tracking during contrast and saturation control 


at a contrast decrease of 20 dB 
R-Y) 


me 
change of the ratio (Boy) < +1 dB 
bg 
change of the ratio (Boy) Oto 4 dB 
at a saturation decrease of 20 dB 
change of the ratio ee < +1 dB 
5 (B-Y) . 
Cross coupling 
luminance signal to colour difference signal < ~40 dB 
(B- Y) signal to (R-Y) signal < -~30 dB 
colour difference signal to luminance signal < -~40 dB 


7267870 7267869 
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Contrast control of luminance amplifier Saturation control of chrominance amplifier 
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APPLICATION INFORMATION 


brightness control G-Y R-Y R-Y 
18kQ 3,3kQ 1kQ output output input 
+12V-—{_ } -__ }-{_}-§ 4 
+12V 
luminance 
input 


luminance Z 4 
output i 
“ 0,1 


4,7kQ 22uF 
blanking 0, pF pF fl + 
_|* pulse 

2,2 a 


black level 27k kN 1,2k0 B-Y  B-Y 
clamp pulse +12V N input output 
contrast control 
2,2 
2,2kQ ko 18kO 
+12V 
saturation control 1264736 
- Pinning 

1. Luminance signal output 9. (R-Y) signal input 
2. Black level clamp pulse input 10. (R-Y) signal output 
3. Blanking pulse input 11. (G-Y) signal input 
4, Earth (negative supply) 12. (G-Y) signal output 
5. Contrast control input 13. Supply voltage (12 V) 
6, Saturation control input 14, Brightness control input 
7. (B- Y) signal output 15. Black level clamp capacitor 
8. (B-Y) signal input 16. Luminance signal input 
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APPLICATION INFORMATION (continued) 


The function is quoted against the corresponding pin number 
1, Luminance signal output 


A positive video signal of 3 V peak-to-peakis available at nominal contrast setting. 
The black level is clamped internally on the back porch. 

By means of the brightness control the black level can be varied between 2,2 V and 
5,2 V. The blanking level of the output signal will assume a value of 3,0 to 3,4 V. 


2. Black level clamp pulse input 


A positive pulse with a peak value between +1 V and +12 V will clamp the black level 
of the video signal to a nominal level of 4,2 V. The pulse may only be present during 
the back porch and should have a duration of about 3 us. 


3, Blanking pulse input 


Two modes operation can be selected by the choice of the amplitude of the pulse applied: 
- blanking 
~ black level reinsertion 


Blanking of the luminance output signal is obtained when the peak value of the pulse 
ranges from —1,5 to ~10 V. An artificial black level of nominally + 4,2 Vis inserted 
in the luminance output signal during the blanking period when the peak value of the 
pulse ranges from+2 to+12 V. 

During scan the amplitude at pin 3 should remain between +0,7 V and -0,7 V to 
avoid blanking. 


4, Negative supply (earth) 


5. Contrast control input 


The contrast curve is given on page 4. To avoid damaging of the circuit by flash- 
over pulses, picked-up by the leads, it is recommended that a capacitor of 
100 nF be connected between this pin and earth. 


6. Saturation control input 


The control curve is given on page 4. To avoid damaging of the circuit by flash- 
over pulses, picked-up by the leads, it is recommended that a capacitor of 
100 nF be connected between this pin and earth. 


7. (B-Y) signal output 
The amplitude of this signal is controlled by the contrast setting and the saturation 
setting simultaneously. At nominal contrast and nominal saturation setting an ampli- 
tude of 1,6 V peak-to-peak is obtained at an input amplitude of 0,9 V peak-to-peak. 
The average level is typically 6,1 V. 


8. (B-Y) signal input 


The signal has to be a.c. coupled to the input. 

To cope with the variation of picture contents an input voltage margin of +0, 8 V is 
provided, whereas the input signal has a typical value of + 0, 45 V for a saturated 
colour bar signal. 
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APPLICATION INFORMATION (continued) 


9. (R-Y) signal input 
The signal has to be a.c. coupled to the input. 
To cope with the variation of picture contents an input voltage margin of +0, 8 V is 
provided, whereas the input signal has a typical value of +0.35 V for a saturated 
colour bar input. 


10. (R-Y) signal output 
The amplitude of this signal is controlled by the contrast setting and saturation set- 
ting simultaneously. At nominal contrast and nominal saturation setting an amplitude 
of 1, 25 V peak-to-peak is obtained at an input amplitude of 0,7 V peak to peak. 
The average level is typically 6,1 V. 


11. (G-Y) signal input 
The (G-Y) signal is obtained by matrixing a part of the (R-Y) and (B-Y) signals in a 
resistor network. The input may range from 1 to 6,5 V. 
An average level of typical 5, 9 V is required to produce an average output level of 6, 1V. 
The gain of the inverter stage is typically l. 


12. (G-Y) signal output 


An inverted signal with an amplitude of maximum 1 V peak-to-peak is available at this pin. 


13. Supply voltage (12 V) 


Correct operation occurs within the range 10,2 to 13,2 V. 
The power dissipation must not exceed 600 mW at 65 °C ambient temperature. 


14, Brightness control input 


The black level of the luminance output signal tracks the potential applied to this pin. 

A typical value for setting the brightness control is 5,7 V, for which a black level of 
4,2 V is obtained. 

It is recommended that a capacitor of at least 10 pF be connected between this pin and earth. 


15. Black level clamp capacitor 


The level of the back porch of the luminance output signal is stored in an external 
capacitor of about 0,68 uF; the latter to be connected between pins 14 and 15. 


16. Luminance signal input 


A positive luminance signal of 0,7 mA peak-to-peak between black and white level 
drives the luminance amplifier. 

A black level of about 0,3 mA is recommended.For a.c. coupling a bias resistor 
to the supply line is required to bias the amplifier properly. 

The resistance depends on the signal amplitude e.g.: 15 k&2 is recommended for a 
input signal of 0,7 mA peak-to-peak. 
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‘DOUBLE BALANCED MODULATOR/DEMODULATOR 


The TDAO820T is a monolithic integrated circuit for use at frequencies up to 650 MHz. 
Typical applications are: 


— modulator 

— mixer 

switch/chopper 

— a.m. synchronous demodulator 
— f.m. quadrature demodulator 
— phase comparator 

— differential amplifier 


| 


The circuit is arranged to offer very flexible circuit design possibilities. The excellent matching and 
temperature tracking of the transistors in the circuit allow the use of circuit techniques which are not 
available when using discrete devices. 


20 TR3 TR7 O6 
10 O7 
130 { TR4 TR8 O9 
D1 D2 
R1 R2 R3 R4 
1500 1500 1500 1500 
14.0 O08 
es] i 7270904 


Fig. 1 Circuit diagram. 


PACKAGE OUTLINE 
14-lead mini-pack; plastic (SO-14; SOT-108A). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range V10-8; V10-14; V12-8; V12-14 Oto 13,2 V 


Voltages (each transistor) 


Collector-substrate voltage (open base) 


and emitter) Vcso max. 15 V 
Collector-base voltage (open emitter) VcBo max. 12 V 
Collector-emitter voltage (open base} VCEO max. 10 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Currents (each transistor) 

Emitter current lp max. 10 mA 
Base current Ip max. 10 mA 
Total power dissipation when 

mounted on a printed-circuit board Prot max. 250 mW 
Storage temperature T stg —55 to +125 °C 
Operating ambient temperature Tamb Oto+70 °C 
THERMAL RESISTANCE 
From junction to ambient Rth j-a = 220 K/W 
CHARACTERISTICS 
V10-8 = V10-14 = V12-8 = V12-14 = 12 V; Tamb = 25 OC; measured in Fig. 2 
Supply current hotly pe = dig 
Input signals 

carrier signal (r.m.s. value) V3-4(rms): V5-4(rms) < 100 mV 

video signal; negative modulated 

(peak-to-peak value) V6-2(p-p) < 14 V 
Output signal at top sync over 75 Q 

(peak-to-peak value) V10-12(p-p) > 22 mV 
Carrier suppression in balanced condition V10-12 38 dB 
Differential phase < 60 
Differential gain < 15 % 
Distortion of video signal < —38 dB 
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(1) L = air coil; 3 turns; 63 mm. 
(2) U.H.F. decoupling capacitor 2212 669 98003. 


Fig. 2 Test circuit. 
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TDA1013A 


4 W AUDIO POWER AMPLIFIER WITH D.C. VOLUME CONTROL 


The TDA1013A is a monolithic integrated audio amplifier circuit with d.c. volume control in a 9-lead 
single in-line (S1L) plastic package. The wide supply voltage range makes this circuit very suitable for 
applications in mains-fed apparatus such as television receivers and record players. 


The d.c. volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control can be obtained by means of a variable d.c. voltage between 3,5 and 8 V. 


The audio amplifier has a well defined open loop gain and a fixed integrated closed loop gain. This 
offers an optimum in number of external components, performance and stability. 


The SIL package (SOT-110B) offers a simple and low-cost heatsink connection. 
QUICK REFERENCE DATA 


Supply voltage range Vp 15 to 35 V 
Repetitive peak output current lORM max. 1,5 A 


Total sensitivity (d.c. control at max. gain) 
for Pp = 2,5 W Vj typ. 55 mV 


Audio amplifier 
Output power at dtoz = 10% 


Vp=18V;R_ =82 Po typ. 45 W 
Total harmonic distortion at Pp = 2,5 W; Ry =8Q dtot typ. 05 % 
Sensitivity for Pp = 2,5 W Vj typ. 125 mV 


D.C. volume control unit 


Gain control range 0) > 80 dB 
Signal handling at dto¢ < 1% 

(d.c. control at 0 dB) Vj > 1,2 V 
Sensitivity for Vo = 125 mV at max. voltage gain Vj typ. 55 mV 


Input impedance (pin 8) |Z; | typ. 250 kQ 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-110B). 
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7286574.3 


(1) Belongs to power supply. 


Fig. 1 Basic application diagram also used as test circuit with R1 = 5,1 kQ and Cl = 22 nF. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage _ Vp max. 35 V 
Non-repetitive peak output current losmM max. 3 A 

_ Repetitive peak output current lORM max. 15 A 
Storage temperature Tstg —55 to + 150 °C 
Crystal temperature Tj —25 to + 150 °C 
Total power dissipation see derating curve Fig. 2 


HEATSINK DESIGN 


Assume Vp = 18 V; RL = 8 Q; Tamb = 60 °C (max.); Tj = 150 OC (max); for a 4 W application into an 
8 2 load, the maximum dissipation is about 2,5 W. 
The thermal resistance from junction to ambient can be expressed as: 


Tj -T 150 — 60 
= _ . J max amb max _ _ 
Rth j-a = Rth j-tab + Rth tab-h + Rth hea =———5- = — 3 — = 36 KM. 


Since Rth j-tab = 9 K/W and Rth tab-h = 1 KM, Rth h-a = 36 — (9 + 1) = 26 K/W. 
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4 W audio power amplifier with d.c. volume control 


7286573 
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0 50 
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Fig. 2 Power derating curve. 
infinite heatsink; 
— —— without heatsink. 


CHARACTERISTICS 
Vp= 18 V; Ri =8 2; f = 1 KHZ; Tamp = 25 OC; unless otherwise specified 


Supply voltage Vp 
Total quiescent current ltot 
Noise output voltage (see also note) Vi 
Total sensitivity (d.c. control at maximum gain) 

for Pp = 2,5 W Vj 
Frequency response (—3 dB) f 
Audio amplifier 
Repetitive peak output current IORM 
Output power at diot = 10% Po 
Total harmonic distortion at Pg = 2,5 W dtot 
Voltage gain Gy 
Sensitivity for Pp = 2,5 W Vj 
Input impedance (pin 5) [Zj| 


Note 


TDA1013A 


typ. 18 V 
15 to 35 V 
typ. 35 mA 
< 1,4 mV 
38 to 69 mV 
typ. 55 mV 


35 Hz to 20 kHz 


< 15 A 
> 4 W 
typ. 4,5 W 
typ. 05 % 
< 1% 
typ 30 dB 
typ. 125 mV 
> 100 k&2d 
typ. 250 kQQ 


Measured in a bandwidth according to IEC 179-curve ‘A’; Rg = 5 kQ and d.c. control at minimum gain. 
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TDA1013A 


CHARACTERISTICS (continued) 
D.C. volume control unit 


Gain control range (see also Fig. 3) @ > 80 dB 
Signal handling at dygz < 1% 

(d.c. control at 0 dB) | Vj > 1,2 V 

Sensitivity for Vo = 125 mV at max. voltage gain Vj typ. 55 mV 

; > 100 kQ 

Input impedance (pin 8) IZ; | typ. 550 kQ 
; , 100 to 400 2 
Output impedance (pin 6) Z| typ. 500 2 


7286572.2 
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Fig. 3 Typical values gain control; V; at pin 7. 
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TDA1029 


SIGNAL-SOURCES SWITCH 


The TDA1029 is a dual operational amplifier (connected as an impedance converter) each amplifier 
having 4 mutually switchable inputs which are protected by clamping diodes. The input currents are 
independent of switch position and the outputs are short-circuit protected. 


The device is intended as an electronic two-channel signal-source switch in a.f. amplifiers. 


QUICK REFERENCE DATA 


Supply voltage range (pin 14) Vp 6 to 23 V 
Operating ambient temperature Tamb  —30 to +80 °C 
Supply voltage (pin 14) Vp typ. 20 V 
Current consumption 114 typ. 3,5 mA 
Maximum input signal handling (r.m.s. value) Vi(rms) typ. 6 V 
Voltage gain Gy typ. 1 
Total harmonic distortion dtot typ. 0,01 % 
Crosstalk a typ. 70 dB 
Signal-to-noise ratio S/N typ. 120 dB 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Fig. 1 Block diagram. 
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Signal-sources switch TDA1029 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 14) Vp max. 23 V 
input voltage (pins 1 to 8) Vy max. Vp 

—V| max. 0,5 V 
Switch control voltage (pins 11, 12 and 13) Vs Oto 23 V 
Input current +1) max. 20 mA 
Switch control current —Is max. 50 mA 
Total power dissipation Prot max. 800 mW 
Storage temperature Tstg —55 to+ 150 °C 
Onerating ambient temperature Tamb —30 to +80 °C 


CHARACTERISTICS 
Vp = 20 V; Tamb = 25 OC; unless otherwise specified 


Current consumption 

without load; Ig = 145 = 0 14 typ. 5 ne its 
Supply voltage range (pin 14) Vp 6 to 23 V 
Signal inputs 


Input offset voltage 
of switched-on inputs 


t 2 mV 
Rs <1kQ Vio pe aby 
Input offset current 
: typ. 20 nA 
of switched-on inputs lio bi 900 nA 
Input offset current 
of a switched-on input with respect to a ty 20 nA 
non-switched-on input of a channel lio < a 200 nA 
Input bias current 
independent of switch position lj ei aie di 
Capacitance between adjacent inputs C typ. 0,5 pF 
D.C. input voltage range Vy 3to 19 V 
Supply voltage rejection ratio; Rg < 10 kQ SVRR typ. 100 pV/V 
Equivalent input noise voltage 
Rs = 0; f = 20 Hz to 20 kHz (r.m.s. value) Vin(rms) typ. 3,5 wV 
Equivalent input noise current 
f = 20 Hz to 20 kHz (r.m.s. value) In(rms) — tYP- 0,05 nA 
Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at Rg = 1 kQ; f = 1 kHz a typ. 100 dB 
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TDA1029 


CHARACTERISTICS (continued) 
Signal amplifier 


Voltage gain of a switched-on input 
at lg = 145 =0; Ri = Gy typ. 1 
Current gain of a switched-on amplifier Gj typ. 108 


Signal outputs 


Output resistance (pins 9 and 15) Ro typ. 400 2 
Output current capability at Vp = 6 to 23 V tlg;+l45 typ. 5 mA 
Frequency limit of the output voltage 
. Vi(p-p) = 1V; Rs = 1k; Rp = 10 MQ; Cy = 10 pF f typ. 1,3 MHz 
Slew rate (unity gain); AVg.16/At; AV15.16/At 
R, = 10 MQ; C, = 10 pF S typ. 2 V/us 
Bias voltage 
| typ. 11 V * 
D.C. output voltage V10-16 10.2 to 118 V 
Output resistance | R10-16 typ. 8,2 kQ 


Switch control 


switched-on interconnected 
inputs pins 


-1, 11-1 H 
1-2, 11-2 : 

1-3, 11-3 

-4, 11-4 

-4, 11-4 

1-4, 11-4 

1-4, 11-4 

1-3, 11-3 


In the case of offset control, an internal blocking circuit of the switch control ensures that not more 
than one input will be switched on at a time. In that case safe switching-through is obtained at 
Vs_ S1,5V. 


Control inputs (pins 11, 12 and 13) 


Required voltage 
3.5 V.7" 


HIGH VSH 7 
LOW VSL < 2,1 V 
Input current 
HIGH (leakage current) Isp < 1 pA 
LOW (control current) —Isi < 250 yA 


* 


V10-16 is typically 0,5°V744.1g6 + 1,5°VBe_. 
** Or control inputs open (R11,12 13—16 > 33 MX). 


608 January 1980 


Signal-sources switch TDA1029 


APPLICATION INFORMATION 


Vp = 20 V; Tamb = 25 OC; measured in Fig. 1; Rg = 47 kQ; Cj = 0,1 uF; Rpjas = 470 kQ; Ry = 4,7 kQ,; 
C, = 100 pF (unless otherwise specified) 


Voltage gain Gy typ. —1,5 dB 
aoe sa variation when switching AV9.16: 0: 10 mv 
eee AVis-ig6 {| < 100 mv 

Total harmonic distortion 

over most of signal range (see Fig. 4) dtot typ. 0,01 % 

Vj =5V;f=1kHz dtot typ. 0,02 % 

Vj, =5 V; f = 20 Hz to 20 kHz dtot typ. 0,03 % 
Output signal handling > 50 V 

dot = 0,1%; f = 1 kHz (r.m.s. value) Vo(rms) typ. 53 V 
Noise output voltage (unweighted) 

f = 20 Hz to 20 kHz (r.m.s. value) Vin(rms) typ. 5 wv 
Noise output voltage (weighted) 

f = 20 Hz to 20 kHz (in accordance with DIN 45405) Vn typ. 12 uv 
Amplitude response | ; 

Vj = 5 V; f = 20 Hz to 20 kHz; Cj = 0,22 uF AVe16 |< gt aps 

AV 15-16 | 


Crosstalk between a switched-on input 
and a non-switched-on input; 


measured at the output at f = 1 kHz a typ. 75 dB ** 
Crosstalk between switched-on inputs 
and the outputs of the other channels a typ. 90 dB ** 


% 


The lower cut-off frequency depends on values of Rpjas and Cj. 
** Depends on external circuitry and Rs. The value will be fixed mostly by capacitive crosstalk of the 
external components. 
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Fig. 2 Equivalent input noise current. 
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TDA1029 
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Fig. 4 Total harmonic distortion as a function of r.m.s. output voltage. 
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TDA1029 
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Signal-sources switch TDA1029 


APPLICATION NOTES 
Input protection circuit and indication 


TDA1029 


V 


4 7275943.1 


Fig. 7 Circuit diagram showing input protection and indication. 


Unused signal inputs 


Any unused inputs must be connected to a d.c. (bias) voltage, which is within the d.c. input voltage 
range; e.g. unused inputs can be connected directly to pin 10. 


Circuits with standby operation 


The control inputs (pins 11, 12 and 13) are high-ohmic at Voy < 20 V (Igyy < 1 WA), as well as, when 
the supply voltage (pin 14) is switched off. 
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Fig. 8 TDA1029 connected as a four input stereo source selector. 
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Signal-sources switch TDA1029 
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TDA1029 | 
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Fig. 10 TDA1029 connected as a third-order active high-pass filter with Butterworth response and 
component values chosen according to the method proposed by Fjallbrant. It is a four-function 
circuit which can select mute, rumble filter, subsonic filter and linear response. 
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DEVELOPMENT DATA 
This data sheet contains advance information and TDA1082 


specifications are subject to change without notice. 


EAST-WEST CORRECTION DRIVER CIRCUIT 


The TDA1082 is a monolithic integrated circuit driving east-west correction of colour tubes in television 
receivers. The circuit can be used for class-A and class-D operation and incorporates the following 
functions: 


differential input amplifier 

squaring stage 

differential output amplifier with driver stage 
protection stage with threshold 

switching off the correction during flyback 
voltage stabilizer 


QUICK REFERENCE DATA 


Supply voltage (pin 1) _ Vp typ. 12 V 
Current consumption Ip typ. 17 mA 
Total power dissipation Prot max. 600 mW 
Operating ambient temperature range Tamb —20 to +70 °C 
Collector voltage drift external transistor AVc typ. 07 V 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Fig. 1 Block diagram with external components (class-A operation). Also used as test circuit. 
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East-west correction driver circuit TDA1082 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 1) Vp max. 16 V 
Output current (pin 15) —lo max. 50 mA 
Total power dissipation Prot max. 600 mW 
Storage temperature range T stg —25 to +150 °C 
Operating ambient temperature range Tamb —20 to +70 °C 
Voltages 
with respect to ground (pin 2) min. max. 
Pins 1, 5, 7, 8, 9, 12, 13 and 16 0 16 V 
Pins 3 and 4 0 -— V 
Pins 10, 11 and 15 0 5 V 
~ Currents 

Pins 3, 4 and 6 — 5 mA 
Pin 14 0 1,5 mA 

a Pins 15 and 16 (—145 and +146) 0 50 mA 

< CHARACTERISTICS 

5  Vp=12V (range 10,5 to 14 V); Tamb = 25; measured 

= in circuit Fig. 1 with colour tube A66-500X; unless 

a otherwise specified 

g 

S Supply 

ra Voltage range Vp 10,5 to 14V 
Voltage peak value VPM max. 15 V 
Current range Ip 11. to 30 mA 
Current typical value Ip typ. 17 mA 


Sawtooth signal (pin 10 or 11) 


Input voltage d.c. value Vj typ. 2,5 V 
Input resistance Ri i a os 


Correcting signals (pin 13) | 
Input voltage d.c. value V413 typ. 06 V 
Input current 143 typ. 0,5 mA 


Flyback keying (pin 3) 
Input current range I3 0,05 to 5 mA 
Peak value, d = 5% I typ. 20 mA 


Threshold (pin 14) 


Input voltage at 144 = 200 uA 


for switching off the driver stage Vj Oe 


8 V 
7,2 to 88 V 
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TDA1082 


Output stage (pin 6) 
Generator current 


Flyback differential amplifier (pin 5) 
D.C. value output voltage 
Output resistance 


Squaring stage (pin 7) 
D.C. value output voltage 
Peak to peak value output voltage 


Output resistance 


Correction trapezoidal deformation (pins 9 and 12) 
D.C. voltage 
Output resistance 


Driver output (pin 15) 
Output current 


Drift of d.c. collector voltage 


Of external transistor in closed loop 
Tamb = 15 to 70 °C; Veo = 8 V 
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V9 12 
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—l15 


AVc 


typ. 


typ. 


9,4 kQ 
7,5 kQ 


50 mA 
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DEVELOPMENT DATA 
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Fig. 2 Application circuit E-W-correction (class-D operation). 
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TDA1512 
TDA1512Q 


12 to 20 W HI-Fl AUDIO POWER AMPLIFIER 


The TDA1512 is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical power 
supplies for mains-fed apparatus. 
Special features are: 


® Thermal protection 

Low intermodulation distortion 

Low transient intermodulation distortion 
Built-in output current limiter 

Low input offset voltage 

Output stage with low cross-over distortion 
Single in-line (SIL) power package 


QUICK REFERENCE DATA 


Supply voltage range Vp 15 to 35 V 
Total quiescent current at Vp = 25 V tot typ. 65 mA 


Output power at dtoz = 0,7% 
sine-wave power 


Vp=25V; Rp =4Q Po typ. 13 W 

Vp=25V;R, =82 Po typ. 7 W 

music power 

Vp=32V;R_ =4Q Po typ. 21 W 

Vp=32V;R, =8Q Po typ. 12 W 
Closed-loop voltage gain (externally determined) Ge typ. 30 dB 
Input resistance (externally determined) Rj typ. 20 kQ 
Signal-to-noise ratio at Pg = 50 mW S/N typ. 72 dB 
Supply voltage ripple rejection at f = 100 Hz RR typ. 50 dB 


PACKAGE OUTLINES 


TDA1512: 9-lead SIL; plastic power (SOT-131B). 
TDA1512Q: 9-lead SIL-bent-to-DIL; plastic power (SOT-157B). 
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PINNING 


. Non-inverting input 

. Input ground (substrate) 

. Compensation 

. Ground potential 

. Output 

. Positive supply (Vp) 

. Externally connected to 
pin 6 

. Ripple rejection 

. Inverting input 
(feedback) 
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Fig. 1 Simplified internal circuit diagram. 


TDA1512 


12 to 20 W hi-fi audio power amplifier 


TDA1512Q 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 35 V 
Repetitive peak output current lORM max. 3,2 A 
Non-repetitive peak output current losm max. 5A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to + 150 °C 
Operating ambient temperature Tamb —25 to + 150 °C 


A.C. short-circuit duration of load 
during full-load sine-wave drive 
Ry = 0; Vp= 30 V with Rj = 42 tsc max. 100 hours 
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Fig. 2 Power derating curves. 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb < 4 K/W 
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TDA1512 
TDA1512Q 


D.C. CHARACTERISTICS 
Supply voltage range 
Total quiescent current at Vp = 25 V 


A.C. CHARACTERISTICS 
Vp= 25 V; Ry = 42; f = 1 KHZ; Tamb = 25 OC; measured in 
specified 
Output power 
sine-wave power at dtot= 0,7 % 
RL =4Q 
RL =8Q 
music power at Vp = 32 V 
RL= 4Q; dtot = 0,7 % 
RL =4Q3 dtot = 10% 
Ri = 8 Q; dot = 0,7 % 


Ryu = 8 Q; deot = 10 % 
Power bandwidth; —1,5 dB; dio = 0,7% 
Voltage gain 

open-loop 

closed-loop 


Input resistance (pin 1) 
Input resistance of test circuit (Fig. 3) 
Input sensitivity 


for Pp = 50 mW 
for Pp = 10 W 


Signal-to-noise ratio 


at Py = 50 mW; Rs = 2 kD; 
f = 20 Hz to 20 kHz; unweighted 


weighted; measured according to 
IEC 173 (A-curve) 


Ripple rejection at f = 100 Hz 
Total harmonic distortion at Pg = 10 W 


Output resistance (pin 5) 


November 1982 


Vp 
ltot 


typ. 


15 to 35 V 
65 mA 


test circuit of Fig. 3; unless otherwise 
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Fig. 5 Total harmonic distortion as a function of the output power. 
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Fig. 4 Output power as a function of the supply voltage; f = 1 kHz; 


aS) 
N 
nf 
< 
im) 
f= 


TDA1512 


630 


TDA1520 
TDA1520Q 


20 W HI-FI AUDIO POWER AMPLIFIER 


The TDA1520 is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical or 
symmetrical power supplies for mains-fed apparatus. 
Special features are: 


Thermal protection 

Very low intermodulation distortion 

Very low transient intermodulation distortion 
Built-in output current limiter 

Low input offset voltage 

Output stage with low cross-over distortion 
Single in-line (SIL) power package 

A.C. short-circuit protected 


QUICK REFERENCE DATA 


Supply voltage range Vp 15 to 40 V 
Total quiescent current at Vp = 33 V tot —stYP. 54 mA 


Output power at diot = 0,5% 
sine-wave power 


Vp=33 V7 Rp =4Q Po typ. 22 W 

Vp=33 V; Rp =4Q Po = 16 W 

Vp=33 V; Rp =8Q Po typ. 11 W 
Closed-loop voltage gain (externally determined) Ge typ. 30 dB 
Input resistance (externally determined by Rg_1) Rj typ. 20 kQ 
Signal-to-noise ratio at P, = 50 mW S/N typ. 75 dB 


Supply voltage ripple rejection at f = 100 Hz RR typ. 60 dB 


PACKAGE OUTLINE 


TDA1520_ : 9-lead SIL; plastic power (SOT-131A). 
TDA15200: 9-lead SIL-bent-to-DIL; plastic power (SOT-157A). 
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TDA1520 
TDA1520Q 


O05 
(output) 


CURRENT 
LIMITER 


3 7286578.1 


Fig. 1 Simplified internal circuit diagram. 


PINNING 


. Non-inverting input 

. Input ground (substrate) 
. Compensation 

. Negative supply (ground) 
Output 

. Positive supply (Vp) 

. Internally connected 

. Ripple rejection 

. Inverting input 
(feedback) 
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TDA1520 


20 W hi-fi audio power amplifier 


TDA1520Q 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 44 V 
Repetitive peak output current lORM max. 4A 
Non-repetitive peak output current losm max. 5A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to +150 °C 
Operating ambient temperature Tamb —25 to + 150 °C 


A.C. short-circuit duration of load 
during full-load sine-wave drive 
R= 0; Vp = 28 V with Rj = 4 Q and f > 20 Hz tse max. 1 hour «— 


-50 0 50 100 150 
Tamb (°C) 


—— mounted on infinite heatsink. 
— — — mounted on heatsink of 2,3 K/W. 


Fig. 2 Power derating curves. 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb < 2 K/W 
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TDA1520 
TDA1520Q 


D.C. CHARACTERISTICS 


Supply voltage range Vp 15 to 40 V 
Total quiescent current at Vp = 33 V 22 to 105 mA 
: ede typ. 54 mA 


A.C. CHARACTERISTICS 
Vp =33 V; Ry =4 9; f = 1 KHZ; Tampb = 25 OC; measured in test circuit of Fig. 3; unless otherwise 
specified 
Output power 
sine-wave power at dio; = 0,5% 


Rp =4n Po typ. 22 W 

Rp =4 Po = 16 W 

RE =8Q2 Po typ. 11 W 
Power bandwidth; —3 dB; doz = 0,5% B 20 Hz to 20 kHz 
Voltage gain 

open-loop Go typ. 74 dB 

closed-loop Ge typ. 30 dB 
Input resistance (pin 1) Rj > 1 MQ 
input resistance of test circuit (Fig. 3) | Rj typ. 20 kQ 
Input sensitivity 

for Pp = 50 mW Vj typ. 16 mV 

for Po = 16 W Vj typ. 260 mV 


Signal-to-noise ratio 
at Pg = 50 mW; Rs = 2kQ; 


f = 20 Hz to 20 kHz; unweighted S/N typ. 75 dB 
weighted; measured according to 
IEC 179 (A-curve) S/N typ. 80 dB 
Supply voltage ripple rejection at f = 100 Hz RR typ. 65 dB 
Total harmonic distortion at Pp = 16 W dtot _—ityp. 0,01 % 
Output resistance (pin 5) Ro typ. 0,01 Q 
Ro < 0,1 Q 


634 December 1983 


TDA1520 
TDA1520Q 


20 W hi-fi audio power amplifier 


150 
nput a 
{ 
(Re) TL 
CURRENT Re 
6 LIMITER 


7286579.3 


680pF 


6802 


(1) Belongs to power supply. 
(2) In application to improve radio interference suppression. 


Fig. 3 Test circuit/basic application circuit. 
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TDA1520A 
TDA1520AQ 


20 W HI-Fl AUDIO POWER AMPLIFIER 


GENERAL DESCRIPTION 


The TDA1520A is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical or 
symmetrical power supplies for mains-fed apparatus. 


Features 


Low input offset voltage 

Output stage with low cross-over distortion 
Single in-line (SIL) power package 

A.C. short-circuit protected 

Very low internal thermal resistance 

Thermal protection 

Very low intermodulation distortion 

Very low transient intermodulation distortion 
Complete SOAR protection 


QUICK REFERENCE DATA 


Supply voltage range Vp 15 to 50 V 
Total quiescent current at Vp = 33 V tot ——- tYD. 70 mA 


Output power at dio = 0,5% 
sine-wave power 


Vp=33 V; RL =42 Po typ. 22 W 

Vp=33V;R, =4 2 Po > 20 W 

Vp =42V; Ry =8 Q Po typ. 20 W 
Closed-loop voltage gain (externally determined) Ge typ. 30 dB 
Input resistance (externally determined by Rg.) Rj typ. 20 kQ2 
Signal-to-noise ratio at Pp = 50 mW S/N _ typ. 76 dB 
Supply voltage ripple rejection at f = 100 Hz RR typ. 60 dB 


PACKAGE OUTLINE 


TDA1520A_ : 9-lead SIL; plastic power (SOT-131A). 
TDA1520AQ: 9-lead S!IL-bent-to-DIL; plastic power (SOT-157A). 


November 1983 637 


TDA1520A 
TDA1520AQ 


TDA1520A 


SOAR 
PROTECTION 


SOAR 
PROTECTION 


7Z91174 


Fig. 1 Simplified internal circuit diagram. 


PINNING 


. Non-inverting input 

. Input ground (substrate) 
. Compensation - 

. Negative supply (ground) 
Output 

. Positive supply (Vp) 

. Not connected 

. Ripple rejection 

. Inverting input 
(feedback) 
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TDA1520A 


20 W hi-fi audio power amplifier 


TDA1520AQ 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 50 V 
Repetitive peak output current lIORM max. 4A 
Non-repetitive peak output current losm max. 5A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb —20to+ 150 °C 
Duration of a.c. short-circuit of load (Ry, = 0 £2) 
during full-load sine-wave drive at: 
Vg = + 20 V (symmetrical) and Rsupply = 0 82; or 
Vs = 35 V (asymmetrical) and Rsupply 24 & tse max. 100 hours 
- 7291169 
mounted on infinite heatsink. 
— — —mounted on heatsink of 2,3 K/W. 
Fig. 2 Power derating curves. 
THERMAL RESISTANCE 
From junction to mounting base Rth j-mb < 2 K/W 
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TDA1520A 
TDA1520AQ 


D.C. CHARACTERISTICS 


Supply voltage range Vp 15 to 50 V 

t 70 mA 
Total quiescent current at Vp = 33 V ltot a 105 aie 
Minimum guaranteed output current (peak value) lonm 2 3,2 A 


A.C. CHARACTERISTICS 
Vp=33 V; Ry =4Q; f= 1 KHZ; Tamb = 25 OC; measured in test circuit of Fig. 3; unless otherwise 
specified 
Output power 
sine-wave power at dio = 0,5% 


Rp =4Q Po typ. 22 W 

Rip =4Q (Fig. 4) Po > 20 W 

RL =8Q;Vp=42V | Po typ. 20 W 
Power bandwidth at dto¢ = 0,5% from Py = 50 mW to 10 W B 20 Hz to 20 kHz 
Voltage gain 

open-loop Go typ. 74 dB 

closed-loop Ge typ. 30 dB 
Internal resistance of pin 1 (at R18 = ©) Rj > 1 MQ 
Input resistance of test circuit at pin 1 (Fig. 3) Rj typ. 20 kQ 


input sensitivity 

for Pp = 16 W Vj typ. 260 mV 
Signal-to-noise ratio 

at Po = 50 mW; Reource = 2 k2 


f = 20 Hz to 20 kHz; unweighted S/N typ. 76 dB 

weighted; measured according to 

IEC 179 (A-curve) S/N typ. 80 dB 
Ripple rejection at f = 100 Hz; Rg =0 Q RR typ. 60 dB 
Total harmonic distortion at Py = 16 W dtot typ. 0,01 % 
Output resistance (pin 5) | Ro typ. 0,01 02 

mV 

Input offset voltage V5.8 pa 1 a mV 
Transient intermodulation distortion 

at Pp = 10 W dtim _ typ. 0,01 % 
Intermodulation distortion at Pp = 10 W dim typ. 0,01 % 
Slew rate SR typ. 9 V/ps 
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TDA1520A 
TDA1520AQ 


20 W hi-fi audio power amplifier 


APPLICATION INFORMATION 
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SOAR & THERMAL 
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7Z91173.1 


Fig. 4 Output power (Po) versus supply voltage (Vp) at f = 1 kHz, dtot = 0,5%, Gy = 30 dB. 
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TDA1520A 
TDA1520AQ 


APPLICATION INFORMATION (continued) 
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Fig. 5 Total harmonic distortion (dot) versus output power (Po) at Vp = 33 V, RL = 482, f= 1 kHz. 


0 
0,1 1 10 * f (kHz) 100 


Fig. 6 Total harmonic distortion (dot) versus operating frequency (f) at Vp = 33 V, RL = 40, 
Py = 10 W (constant). 
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TDA1524A 


STEREO-TONE/VOLUME CONTROL CIRCUIT 


GENERAL DESCRIPTION 


The device is designed as an active stereo-tone/volume control for car radios, TV receivers and mains-fed 
equipment. It includes functions for bass and treble control, volume control with built-in contour (can 
be switched off) and balance. All these functions can be controlled by d.c. voltages or by single linear 
potentiometers. 


Features 


@ Few external components necessary 

@ Low noise due to internal gain 

@ Bass emphasis can be increased by a double-pole low-pass filter 
@ Wide power supply voltage range 


QUICK REFERENCE DATA 


Supply voltage (pin 3) Vp=V3.18 typ. 12 V 
Supply current (pin 3) Ip=l93 typ. 35 mA 
Maximum input signal with 

d.c. feedback (r.m.s. value) Vi(rms) typ. 2,5 V 
Maximum output signal with 

d.c. feedback (r.m.s. value) Vo(rms) typ. 3.V 
Volume control range Gy —80 to + 21,5 dB 
Bass contro! range at 40 Hz AGy typ. +15 dB 
Treble control range at 16 kHz AGy typ. +15 dB 
Total harmonic distortion THD typ. 03 % 


Output noise voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz; Vp = 12 V; 


for max. voltage gain Vnoi(rms) typ. 310 wv 

for voltage gain Gy = —40 dB Vno(rms) typ. 100 wV 
Channel separation 

at Gy = —20 to + 21,5 dB Qos typ. 60 dB 
Tracking between channels 

at Gy = —20 to + 26 dB AGy max. 2,5 dB 
Ripple rejection at 100 Hz RR typ. 50 dB 
Supply voltage range (pin 3) Vp =V3.18 7,5 to 16,5 V 
Operating ambient temperature range Tamb —30 to +80 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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(1) Series resistor is recommended in the event of the capacitive loads exceeding 200 pF. 


Fig. 1 Block diagram and application circuit with single-pole filter. 
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Stereo-tone volume control circuit TDA1524A 


TDA1524A TDA1524A 
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10k2 if J 
r Z 7Z87200A 

7 71Z87199A 
Fig. 2 Double-pole low-pass filter Fig. 3 D.C. feedback with filter network 
for improved bass-boost. for improved signal handling. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 3) Vp=V3.18 max. 20 V 
Total power dissipation Prot max. 1200 mW 
Storage temperature range Tstg —55 to+ 150 OC 
Operating ambient temperature range Tamb —30 to +80 °C 
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TDA1524A ee 


D.C. CHARACTERISTICS 
Vp = V3.1 = 12 V; Tamb = 25 OC; measured in Fig. 1; Rg <600 2; Ry = 4,7 kQ; CL < 200 pF; 
unless otherwise specified 


a 


Supply (pin 3) 
Supply voltage 


Supply current 
at Vp = 8,5 V 
at Vp=12 V 
at Vp=15 V 


D.C. input levels (pins 4 and 15) 
at Vp =8,5 V 
at Vp=12 V 
at Vp = 15 V_ 


D.C. output levels (pins 8 and 11) 
under all control voltage conditions 
with d.c. feedback (Fig. 3) 
at Vp = 8,5 V 

at Vp=12 V 

at Vp = 15 V 


Pin 17 
Internal potentiometer supply voltage 
at Vp =8,5 V 


Contour on/off switch (control by 177) 
contour (switch open ) 
linear (switch closed) 


Application without internal potentiometer 
supply voltage at Vp > 10,8 V 
(contour cannot be switched off) 


Voltage range forced to pin 17 


D.C. control voltage range for volume, 
bass, treble and balance 
(pins 1, 9, 10 and 16 respectively) 
at V17.18 =5V 
using internal supply 


V1,9,10,16 
V1,9,10,16 


Input current of control inputs 
(pins 1, 9, 10 and 16) 


—!1,9,10,16 
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Stereo-tone volume control circuit TDA1524A 


A.C. CHARACTERISTICS 


Vp = V3.18 = 8,5 V; Tamb = 25 OC; measured in Fig. 1; contour switch closed (linear position) ; 
volume, balance, bass, and treble controls in mid-position; Rg < 600 2; Ry = 4,7 kQ; Cy < 200 pF; 
f = 1 kHz; unless otherwise specified 


Control range 


Max. gain of volume (Fig. 5) 20,5 21,5 


Volume control range; Gy max/Gy min 


Balance control range; G, = 0 dB (Fig. 6) 


212 +15 
+12 +15 
see Figs 9 and 10 


Bass control range at 40 Hz (Fig. 7) 
Treble control range at 16 kHz (Fig. 8) 


Contour characteristics 


Signal inputs, outputs 


Input resistance; pins 4 and 15 (note 1) 
at gain of volume control: Gy = 20 dB 
Gy = —40 dB 


Output resistance (pins 8 and 11) 


Signal processing 


Power supply ripple rejection 
at VP(rms) < 200 mV; f = 100 Hz; Gy = 0 dB 


Channel separation (250 Hz to 10 kHz) 
at Gy = —20 to + 21,5 dB 


Spread of volume control with 
constant control voltage V1.18 = 0,5 V17.18 


Gain tolerance between left and right 
channel V 16.18 = V1-18 = 0,5 V17-18 


Tracking between channels 

for Gy = 21,5 to —26 dB 

f = 250 Hz to 6,3 kHz; balance adjusted at 
Gy = 10 dB 
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TDA1524A 


A.C. CHARACTERISTICS (continued) 


[oom «dein [vm [ee [ 


Signal handling with d.c. feedback (Fig. 3) 


Input signal handling 
at Vp = 8,5 V; THD = 0,5%; 
f = 1 kHz (r.m.s. value) 
at Vp = 8,5 V; THD =0,7%; 
f = 1 kHz (r.m.s. value) 


at Vp = 12 V; THD = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) 


at Vp = 12 V; THD = 0,7%; 
f = 40 Hz to 16 kHz (r.m.s. value) 


at Vp = 15 V; THD = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) 


at Vp = 15 V; THD = 0,7%; 
f = 40 Hz to 16 kHz (r.m.s. value) 


Output signal handling (note 2 and note 3) 
at Vp = 8,5 V; THD = 0,5%; 
f = 1 kHz (r.m.s. value) 


at Vp = 8,5 V; THD = 10%; 

f = 1 kHz (r.m.s. value) 

at Vp = 12 V; THD = 0,5%; 

f = 40 Hz to 16 kHz (r.m.s. value) 
at Vp. = 15 V; THD =0,5%; © 

f = 40 Hz to 16 kHz (r.m.s. value) 


Noise performance (Vp = 8,5 V) 


Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value) 
for maximum voltage gain (note 4) 
for Gy = —3 dB (note 4) 


Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; Gy = —40 dB) 


Noise performance (Vp = 12 V) 


Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) 
for Gy = —16 dB (note 4) 


Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; G, = —40 dB) 
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Vo(rms) 
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Stereo-tone volume control circuit TDA1524A 


Noise performance (Vp = 15 V) 
Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) Vno(rms) 350 | — uv 
for Gy = 16 dB (note 4) Vno(rms) 110 | 220 pV 
Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) 980 | — eV 
for maximum emphasis of bass and treble 
(contour off; Gy = —40 dB) Vno(m) 420 | — uv 


Notes to characteristics 
1. Equation for input resistance (see also Fig. 4) 
Pepa y max = 12 
1+Gy ' oy toe 
2. Frequencies below 200 Hz and above 5 kHz have reduced voltage swing, the reduction at 40 Hz and 
at 16 kHz is 30%. | 


3. In the event of bass boosting the output signal handling is reduced. The reduction is 1 dB for 
maximum bass boost. 


4. Linear frequency response. 
5. For peak values add 4,5 dB to r.m.s. values. 


7286926 


Gy (dB) 


Fig. 4 Input resistance (Rj) as a function of gain of volume control (Gy). Measured in Fig. 1. 
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Fig. 5 Volume control curve; voltage gain (Gy) 

as a function of control voltage (V7.7). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8,5 V; f = 1 kHz. 


7Z86923 


Fig. 7 Bass control curve; voltage gain (Gy) 

as a function of control voltage (V9.79). 

Measured in Fig. 1 with single-pole filter 

(internal potentiometer supply from pin 17 used); 
Vp = 8,5 V; f = 40 Hz. 
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Fig. 6 Balance control curve; voltage gain (G,) 

as a function of control voltage (V 1g.79). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8,5 V. 


Vio ~18 (VY) 


Fig. 8 Treble control curve; voltage gain (Gy) 

as a function of control voltage (V 49.19). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8,5 V; f = 16 kHz. 
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Stereo-tone volume control circuit 
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Fig. 9 Contour frequency response curves; voltage gain (Gy) as a function of audio input frequency. 
Measured in Fig. 1 with single-pole filter; Vp = 8,5 V. 
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Fig. 10 Contour frequency response curves; voltage gain (G,) as a function of audio input frequency. 
Measured in Fig. 1 with double-pole filter; Vp = 8,5 V. 
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Fig. 11 Tone control frequency response curves; voltage gain (G\) as a function of audio input 
frequency. Measured in Fig. 1 with single-pole filter; Vp = 8,5 V. 
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TDA1524A 


7286919 
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Fig. 12 Tone control frequency response curves; voltage gain (Gy) as a function of quale input 
frequency. Measured in Fig. 1 with double-pole filter; Vp = 8,5 V. 
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Fig. 13 Total harmonic distortion (THD); as a function of audio input frequency. Measured in Fig. 1; 
Vp = 8,5 V; volume control voltage gain at 


Vo 
Gy = 20 log — = O dB. 
Vj 
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Stereo-tone volume control circuit TDA1524A 
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0. 0,5 1,0 1,5 Vo (V) 2,0 


Fig. 14 Total harmonic distortion (THD); as a function of output voltage (V_). Measured in Fig. 1; 
Vp =8,5 V; fj = 1 KHz. 
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(1) Vp = 15 V. 
(2) Vp = 12 V. 
(3) Vp =8,5 V. 


Fig. 15 Noise output voltage (Vig(rms); unweighted); as a function of voltage gain (Gy). Measured in 
Fig. 1; f = 20 Hz to 20 kHz. 
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PACKAGE OUTLINES 


14-LEAD DUAL IN-LINE; PLASTIC (SOT-27K,M,T) 
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reo) Positional accuracy. 


top view +0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 


Dimensions in mm Maes 
indicated. 


SOLDERING 


1. By hand | 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 


If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 


300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 


must not exceed 5 seconds. 


The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 


sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 


PACKAGE 
OUTLINES 


(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 


+—— 8,25max ———> 


22 max 


seating plane 


8,3 7255041.8 


_ Positional accuracy. 
(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 


SOLDERING 


1. By hand | 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38DE) 


+—________—— 19,5 max 
47 
UH EA EE A LE tenn 
10,51 108" | 

~__ [min y 

n 

0,53 

: e]o2su@) 


seating plane 


<< 


: 
max 8,3 


1.73 max 7290138 


e> Positional accuracy. 
(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


lead 1 indication (either index or sign) 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


top view 


Dimensions in mm 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; PLASTIC WITH INTERNAL HEAT SPREADER 
(SOT-38WE-2) 


22 max 


= <+—— 8,25max ———» 


seating plane 


8,3 7255041.8 


£p Positional accuracy. 
() Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view — 


(2) Lead spacing tolerances apply 
from seating plane to the line 


Dimensions in mm indicated. 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


_ 3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 


19,5 max Psianiicimil <«———- 8,25 max ———> 


seating piane 


8,3 7Z273586.2 


OB Positional accuracy. 
(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 


may deviate from nominal by 
lead 1 indication (either index or sign) +0,254 mm. 


top: view (2) Lead spacing tolerances apply 
from seating plane to the line 


: : ‘ indicated. 
Dimensions in mm 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


16-LEAD QUADRUPLE IN-LINE; PLASTIC (SOT-58) 


22 max <+——_ 8,25 max ——> 


seating plane 


2,54 


t ' ‘ 4 1 1 ’ 
lg a ge | er co acs 


1,4 max 10.16 
7Z55830.3 


@ Positional accuracy. 
- (@) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 


SOLDERING 


1. By hand | 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


8-LEAD DUAL IN-LINE; PLASTIC (SOT-97A) 


” 10 max <+—— 8,25 max ——> 
5 
QO. 
- if 
o 
w 
13) 
— : 
3,4 
3,0 
v 
_ 
115 95 
max See ae 
8,3 7Z273585.5 
14,12max'3) 1.73 max 


oa Positional accuracy. 


(mM) Maximum Material Condition. 


top view (1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 


; , indicated. 
Dimensions in mm 


(3) Only for devices with 
asymmetrical end-leads. 


SOLDERING 


1. By hand | 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately &fter soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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OUTLINES 


PACKAGE 


24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A) 


32 max 


seating plane 


re 


? Voss 
min 
ED “4 0,76 (2) 
ae 
2 
[10,254 (My!) 


se} 22 hae 


fils 


21 


top view 


(3) 


1 2 3 4 S 8 9 10 11 12 


<-—__________—. 15,8 max a | 


DP Positional accuracy. 


(VM) Maximum Material Condition. 


+ 14,1 max anid 


side view : 
(1) Centre-lines of all leads are 


within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 

{ +0,254 mm. 


fees eee) (2) Lead spacing tolerances apply 
a a I ee ee Sigh ~ eI OTS from seating plane to the line 
ee indicated. 


(3) Index may be horizontal as shown, 
or vertical. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


24-LEAD DUAL IN-LINE; PLASTIC (WITH INTERNAL HEAT 
SPREADER) (SOT-101A, B) 


—_— = 32 max ———_—-— 


seating plane 


top view 


<——____———- 15,8 max ————_——_____» 


QO Positional accuracy. 


<+—__—— 14,1 max seomedl Maximum Material Condition. 


side view (1) Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 


* T mak +0,254 mm. 
\ I s 
(2) Lead spacing tolerances apply 
eran peer eerean: a B| from seating plane to the fine 
Pe ne Se ree | Ta wl  7273670.5 indicated. 
15,90 


(3) Index may be horizontal as shown, 


; ' : or vertical. 
Dimensions in mm 
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PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A) 


23,5 max 


seating plane 


top view 


<—— 8,25 max ——» 


a Positional accuracy. 
side view (¥) Maximum Material Condition. 
(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. | 


(2) Lead spacing tolerances apply 


nes from seating plane to the line 
eae ho indicated. 
8,3 7Z270173.3 


(3) Index may be horizontal as shown 
or vertical. 


‘ 


Dimensions in mm 
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PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102CS,HE,KE) 


+ 7 22max = 

metas 

UAL E 7 H E a HIE too 
ome 


50.78 ee 


4 
ay 

3 m 

y bade eid (1) 


ing plane 


seatin 
<.____— 


| lost 


top view 


a—_——- 8, 25 max ——_» 
side view Dp Positional accuracy. 
(V) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 40,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
ee indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102DS) 


—_—_-—-—_————-_ 22 max 


seating plane 
rd 
——— 
<= 


<—_——— 8,25 max ——» 


side view 


Dimensions in mm 


668 January 1984 


ee 
4H HH His ‘ 
_|nin | 


qos a 


fel | Pee vs 


top view 


& Positional accuracy. 


G) 
(1) 


(2) 


Maximum Materia! Condition. 


Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


PACKAGE 
OUTLINES 


14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A) 


7Z273967.5 


top view 


Dimensions in mm 


€B Positional accuracy. 


(MV) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of acontrolled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


9-LEAD SINGLE IN-LINE; PLASTIC (SOT-110B) 


—> 1,65 =< 


seating plane 


0,4 . o 


7276161.1 


Dimensions in mm 


Q Positional accuracy. 
(VM) Maximum Material Condition. 


A Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


B _ Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 


= es — 


seating plane 
—_—__ —_—_——_———_ 
oe 
| 
t 
o/3Z9 
aa 
Sle as 
xx 


top view 


ee 15.8 max 


<—____—_——- 14,1 max 


D Positional accuracy. 


side view 


(VM) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


7273669.2 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


(3) Index may be horizontal as shown, 


Dimensions in mm or vertical. 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117A,D) 


2 37 0X. See ee 


seating plane 


3 26x ae 
/ ee 0,254 (|? 
! 
Presser 


top view 


Pies Positional accuracy. 


ae Nees Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


0,32 


sveaenes (2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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——— 4 


seating plane 


ee 
Xx 


(6Z1-LOS) OILSW1d ‘ANIT-NI WANG GV4A1-0F 


top view 
<+——__—_—_———_ 15,8 max ——-___—_____» 
> Positional accuracy. (2) Lead spacing tolerances apply 
; : _ from seating plane to the line 
. (VY) Maximum materia! Condition. indicated. 
= ; 
4 (1) Centre-lines of all leads are 3) Index may be horizontal as shown, 
within £0,127 mm of the nominal : 
2 ee ; or vertical. 
= position shown; in the worst case, Ov 
sd side view the spacing between any two leads e 
- may deviate from nominal by Dimensions in mm = 2 
; | +0,254 mm. > > 
Mets 17,15 | 7270128.5 mM G) 
15,90 am 


£19 
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PACKAGE 
OUTLINES 


9-LEAD SINGLE IN-LINE; PLASTIC POWER (SOT-131A, B) 


24,4 max 


48:6 ys 


mounting 
base 


seating plane 


| 


Pree" camer <t—_$-p|<4__-»> Pence) (Pameee eee See 7276165.2 


2 
max 


> 


Dimensions in mm 


rep Positional accuracy. 
(V) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 
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PACKAGE 
OUTLINES 


28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A) 


> «+ 
0,3 min 
10,0 7278694.7 


Dimensions in mm 


D Positional accuracy. 


(M) Maximum Material Condition. 


SOLDERING 


. Soldering iron or pulse heated solder tool 


ai 


Apply the heating tool to the flat part of the pin only. 
Limit the contact time to maximum 10 seconds up to 300 °C, or 5 seconds up to maximum 400 °C. 


When using the proper tools, all pins can be soldered in one operation within 2 to 5 seconds and 
270 to 320 °C. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C. The permissible total time of 
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than 
150 °C within 6 seconds. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 OC. 
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PACKAGE 
OUTLINES 


24-LEAD MINI-PACK; PLASTIC (SO-24; SOT-137A) 


> “4 
0,3 min 


7278696.6 


—_> =< 


Dimensions in mm 


€p Positional accuracy. 


(m) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 


Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. » 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


13-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-141B) 


seating plane 


<—__—__ 


ss a aa ON ane alemiiaeao 
| eee 
| base 


SS UnaEEEEEEEEEnaeEEemeenE et 


i GB 


——; 
Tt | | il | 
13 
14 
17,5 
16,0 
ee 
<-(@]o.254 MW] <-(GJo254 My] |” 


a pelt el 


pote 


nae or (3,4 [3,4] 7 <-->! _____-p/ 


Dimensions in mm 


oy Positional accuracy. 


) 
(1) 


(2) 


Maximum Material Condition. 


Centre-lines of all leads are 

within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


lilo 
| wl 2 


<< ee eae 43—> 


7Z83283.3 
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PACKAGE 
OUTLINES 


9-LEAD SINGLE IN-LINE; PLASTIC (SOT-142) 


@w 
6 
Q 
e 
o 
3 
7 
3,9 
3,4. 
{ 
Waal DT DP | aloe 
max RSS Sore Pee rae pace | ae See em! 1,65 «+ 


7283293.1 


Dimensions in mm 


apy Positional accuracy. 
() Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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PACKAGE 
OUTLINES 


20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 


27 max 


seating plane 


0,51 
min 
4° 76 (2) 
ecay 
ins gue ye 0,254 @] |" 


max 


1,73 max 


er 


top view 


a— 8,25 max——> 


side view ao Positional accuracy. 


(mM) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
7283901.3 from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


12-LEAD DUAL IN-LINE: PLASTIC WITH METAL COOLING FIN 


(SOT-150) 
22 max 
5 — i 
a a 4,7 
E Gh sik jor tage 
2 10,51 | 
_ min 
3,9 J 
3,4 oe 0,254) (1) 
| l ! 5 ' 
57 A ee ray] vied Paes 


top view 


+—— 8,25 max ——> 


Dimensions in mm 


- 6,48 max i 


QB Positional accuracy. 
(V) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


7Z283549.2 
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PACKAGE 
OUTLINES 


9-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-157A,B) 


24,4 max 
19,8 


base 


if : y 
0,76 '2) 

it al i | | 

11 

0,75 ie aN 


al Bp i ollleoa Bele es 


max 3x [5,08] —> 


seating plane 


«a 4,3 —» 


._______»]<— — | gq -—___» 7283895.1 


Dimensions in mm 


a Positional accuracy. 
™) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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PACKAGE 
OUTLINES 


40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT-158A) 


ual 9,0 max ——_——_> 


’ 
Ae 7Z85296.6 


top view 


Dimensions in mm 


op Positional accuracy. 


(M) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A) 


+ lee 
0,76 max 


7283896.2 


Dimensions in mm 


QB Positional accuracy. 


(m) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds ts sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


20-LEAD MINI-PACK; PLASTIC: (SO-20; SOT-163A) 
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Dimensions in mm 


rey Positional accuracy. 


(M) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


oN 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 


Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 3502000. 
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